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Science 1206     Life Science Unit


Listening  sheet  1 :  Ecology and Roles in Ecosystems

Sustainability and Paradigms

Sustainability - finding a way to meet our present needs without compromising the ability of ______________________________ to meet their needs; the wise use of our renewable resources today so that both the resources and the environment will be there for use by future generations.

Despite technological advances the pace of change is slow. Why? 

-Economics! 

-Habits

-The cost of being environmentally friendly reduces the profitability of many of our resource based industries in Atlantic Canada. 

-There is always a battle between being environmentally conscious and profit 

**What would a sustainable society look like?

Answers:
Satisfies the basic needs of its ___________ (ex.  Food, Water, Shelter)

Doesn’t deplete natural resources to a point where they cannot recover

Environmentally conscious

Personally Sacrifice 
**Would you personally sacrifice something to ensure sustainability?  


Examples:
Drive a _______ car




Vote for environmentally conscious politicians




Take things to the recycling _________




Use ____________ bags

Paradigm -  a belief held by society, based on general _____________, such as morals, values and evidence.

Paradigm shift - rare and significant changes in the way humans _________

______________________.  They are major changes, which are very controversial when first proposed, but which eventually become accepted as major advances in scientific knowledge and understanding. Ex: Earth is round; earth revolves around the sun, and the invention of the wheel
**Who is usually affected by a paradigm shift?  
Initially, only the world of science is ___________ (short term) but over the long term, ideas permeate into society and change everyone’s beliefs

**Has the old worldview that Earth is here solely for the benefits of human changed?  How and why?  Agree or disagree?

Evidence Against:
Pollution of the world

_________ destruction

Global warming

Rapid deforestation

Evidence For:
Our paradigms about _________ resources are changing and we are part of a paradigm shift

Summary:  
It has mostly, but some are still reluctant. A shift towards the idea of sustainability is happening; as a _________ community, nations are coming together to help save this planet.

**Specifically, what about forestry?  

Examples:  Commercial use, residential use,__________

Example: Changes in our paradigms about our forests
-The early foresters used simple tools including an axe and a saw. Younger trees were left to mature and to produce seeds which replace the forest. 

 -Today, technology has changed and the equipment is available which can cut 2 cords of wood in just a few minutes rather than a day (a cord is defined as a pile of wood 4 feet high x 4 feet wide x 8 feet long) 

-With this change in technology, can our forests now be considered limitless? What will happen to our forests if we cut them down at a rate faster than they can grow back? What effect does clear-cutting have on the forest ecosystem?

-Clear-cutting is no longer an option. Other methods, such as selective cutting, and replanting must be done to ensure that forests are available for future generations, both for commercial uses (industry and tourism) and environmental purposes (helping to clean water, air, and prevent erosion). 

-Most companies have strict replanting policies in place to ensure that new-growth forest will be present

- Newfoundlanders are recycling paper and cardboard so that fewer trees are needed.
Example: Changes in our paradigms about our fishery

-The technology used by the inshore fisherman included the use of an open boat known as a dory and a single jigger. This cycle was repeated until the boat was full but with only a very small quota per day. 

-Modern technology has changed to include the use of factory ships, which make use of drift nets more than 5 km long, and electronic equipment designed to detect the location of the fish. They are capable to take thousands of tons of fish per day. 
-What happened historical to change people view point?  The cod moratorium began where scientists convince the government to shut down the fishery to protect cod stocks in NL.

-The fishery can be sustained by setting smaller quotas, having fish farms, stop over fishery by preventing factory ships from other countries to fish in Canadian waters. 

Sustainability is in itself a paradigm and has been part of a paradigm shift.  People today consider the use of ________________ differently that they did in the past. 

Ecology and Comparing Ecosystems

Ecosystem – the set of relationships between _________________ of species and between those populations and the non-living (abiotic) factors in their ___________________.
Ecology is the study of how organisms _________ with each other and with their environment.

So, in other words, ecosystems and ecology are concerned with organisms and the environments they interact with.  

Q:  Do all ecosystems have the same types of organisms? Same number of different organisms?  

No!  All ecosystems vary in their___________ composition and numbers.

Abiotic Factor – non-living factors in the ___________, which influences living (biotic) organisms.  (Ex.  Light, oxygen, water, temp, space, nutrients, soil quality, CO2,etc)

These factors determine what types of plants (producers) can grow in a particular habitat which in turn 

determines the type of animals that can exist in a particular ecosystem.
Biotic Factor – a factor in an ecosystem _____________ by the presence and roles of other living things.  (Ex.  Producers, consumers, disease, competition for food, symbiosis, predator-prey relationships, etc.)

The biotic factors are living organisms that interact with other species by competing for food, 
habitat, and mating.  Other species within the ecosystem is a source of food supply and also can spread diseases with the ecosystem.

Organisms ____________ live in complete isolation; they usually live with other members of their _______species in a population.  They also live in the presence of and share their ___________ with other organisms in communities.

Population – all the members of the _________species living in the same ecosystem or habitat

Community – the collection of ______ the populations of species in an ecosystem or habitat

When a biologist studies a community, they look at how biotic factors affect each population as well as how abiotic factors affect organisms within the community.  However, individual ecosystems rarely have _____________ boundaries, therefore, organisms can _________between ecosystems freely.  

Ecotone – the “grey” area between ecosystems where _____________ from both ecosystems interact with each other.  They contain species from both bordering ecosystem and often contain __________ biodiversity than each individual ecosystem.

Ecosystems with higher biodiversity (more species) tend to be _________ fragile and can survive natural changes in the environment.  Therefore, ecotones help to guard _______ extinction. 

Biodiversity – the number of __________ in an ecosystem; and the variety within those species; also known as biological diversity.  It is very important to ecosystems because every organism in an environment is ___________  to all other organisms in one way or another.

Q:  Which location would have a higher biodiversity: your backyard or a coral reef?  
Usually, ___________.  The answer depends on the number different of species in a given area.

This unit is based on ecology and the study of ecosystems.  

Q:  What’s the difference between a food web and food chain?  

Food chain – a step-by-step sequence linking organisms that ____________ other starting with a food source and continuing through the other organisms that feed on it; always start with plants.
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[image: image1]Food web – a diagram that tries to show the __________transfer relationship between many organisms in an ecosystem.
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Q:  What is always found at the bottom of a food chain?  ______________

There are two major groups of living organisms:

 producers and consumers. 

Producers – an organism that uses ______________ or another form of chemical synthesis to make food (make their own food); also known as autotrophs
Consumers – an organism that must eat_____________ or other consumers as food (eat other things); also known as heterotrophs
Types of Consumers:

1.  Herbivores - animals that _________ (Ex.  Moose, Rabbits)

2.  Carnivores - animals that feed on other ________  (Ex.  Lions, Hawk)

3.  Omnivores - animals that eat both plants and __________  (Ex.  Humans, Bears)

4.  Saprobes – also known as __________or saprotrophs.  They break down and live off detritus
(wastes from plants and ________, including their dead remains) to get nutrients for their own use but in doing so also release valuable  nutrients back  into the soil or water that  can be used by  producers   (Exs. Fungi,mold, worms,bacteria)

Nutrients in food chains/webs are always eventually returned back to the soil.

Q:   If saprobes detritovores /decomposers didn’t exist, what would happen? There will be ____ recycle of matter.

Endangered Species and Extinction  

All over the world, frog populations are in decline.  

Q:  Why do you think frogs can act as important indicators of the health of an ecosystem?

· They live in both ______ and terrestrial environments, therefore exposed to ______ in both ecosystems; a decline in either will affect them

· They are a part of two very different ________ chains (Fig 2/3 pg 11); adults eat insects, are eaten by birds; tadpoles eat algae and detritus

Q:  What would happen to the population of insects if adult frog populations decreased? _________

Q:  What would happen to algae populations is tadpole populations decreased?_____________

Why are frogs disappearing all over the world?

 Amphibians have been very resilient – they have survived mass extinctions (dinosaurs), ice ages, periods of global ________, droughts, flood, growth of the human population (until recently).

Why are frogs disappearing?
1. Loss of Habitat  (the place where a species can live)
· Wetlands, ponds, and lakes with clean water are needed to_______ and lay eggs; forests and fields are needed for _______ and growth (and a safe path in between these locations)
· Humans interfere with __________, clearcutting, draining wetlands for housing developments. 

2.  Air and Water Quality Problems

· Pollution!

· Frog’ s have thin, moist skin through which pollutants can ______through easily (e.g. acid rain)
· Pollutants affect their ___________. It can decrease sperm mobility, which decreases fertilization.  It can also cause deformities in frog embryos.
· Humans interfere by polluting the environment by sparing pesticides, dumping garbage, etc. 
3.  Ultraviolet Radiation

· Increase in UV radiation is caused by damage to the ozone layer, due mainly to the
     release of various gases such as chlorofluorocarbons(CFCs) into air by humans
· Passes right through skin, causing ____________ and cellular damage
4.  Climate Change

· Climate might become ___________ (can no longer support frogs)

· Higher temperatures cause _________ ecosystems to dry up - this affects all stages of the frog’s life cycle.
· Humans interfere by emitting excess CO2 into air caused more heat to be trapped by the atmosphere.
Unfortunately, extinction and endangerment also result from the declining health of ecosystems.  Toxins, from pollutants, enter an ecosystem at the bottom of a food chain but eventually make their way to the top.  

Classification System for At-Risk Species 

1) Extinct - no longer found____________ .  Ex: The Great Auk has been extinct since 1844.
2) Endangered- close to extinct ___________.Ex: Whooping crane
3) Extirpated - no longer exist _____ area. Ex: Grizzly bear 
4) Threatened
- likely to become ____________ Ex. Wood Bison
5) Vulnerable - at risk due to _________ or declining numbers in certain areas. Ex: Atlantic Cod
Since the 1500's the codfish has been sought off the Newfoundland coast. At first fish were caught by hooks and lines, but since the 1600s to the present they have been caught by nets. By the mid 1980’s independent studies were showing that the cod stocks were declining and the ages of the fish being caught were decreasing at an alarming rate. Many environmental problems have been associated with the drop in cod numbers. A change in ocean currents in the North Atlantic is responsible for a two-degree drop in water temperature. Since cod have a very narrow range in which their eggs can survive, these temperature changes have destroyed their reproductive cycle. Other factors that may be harming the cod stocks include an explosion in the seal population off the coast of Greenland, and the increased melting rate of the Greenland glaciers.
Humans have had a profound effect on other ______________; the extinction rate has increased considerably as the human population rate has  _________.  (Fig 2 – pg 16) (e.g. passenger pigeon - wiped out due to commercial hunting and habitat destruction).
 Current projections are that one species will become extinct every _______ minutes in the early years of this century.  

Extinction has occurred continuously throughout the history of our planet.  We know this based on evidence from the ________ record.  However, there have been periods of time where large-scale ______________ (mass extinction) has occurred.  Most often caused by catastrophic events (meteors, massive volcanic eruptions)

· 438 MYA – marine organism’s

· 360 MYA – marine organism’s

· 245 MYA – ________ of all species

· 65 MYA – dinosaurs

-The number of species in an ecosystem determines its biodiversity.  A decrease in biodiversity can threaten the ____________ of an ecosystem.

-Extinction of one species can cause entire food chains to _____________.
-Extinction does occur _____________, however, in modern times, human activities are the major causes of extinctions.   Ex. NL Pine Marten

Part A:  Energy in Ecosystems

Sunlight:

· Only _________________ of the suns energy reaches the earth (most is filtered out before reaching the surface) 
· Harmful rays are either reflected or absorbed by chemicals in the atmosphere

Sunlight in the Lower Atmosphere:

· 30% reflected by clouds and earth surface
· 70% warms surface of the planet , Warming causes evaporation thus generating the water cycle and weather

· 0.023% is used for ________________ – the process by which green plants use sunlight to produce carbohydrates (6CO2 + 6H2O ( C6H12O6  + 6O2)

· Gases in the atmosphere trap ________________________ rising from the surface back to Earth (permit energy from the Sun into ecosystems, prevent energy from leaving)
Part B:  Energy Movement in Ecosystems

· Life on Earth cannot exist without a source of energy

· The source of ALL energy on our planet comes from the ___________, which plants capture to carry out photosynthesis, which in turn makes food easily used by other animals

· How does this energy get passed from one organism to the next? _______________________________

Trophic levels:

· Trophic Level - A way of categorizing organisms based upon the way they gain their energy   
· First Trophic Level are always considered producers (autotrophs).  Plants, algae, etc. 
· The second trophic level contains organisms that feed on producers; they are referred to as primary consumers  (Mice, Deer, Moose, Caterpiller )
· Third trophic level are secondary consumers (Owl, Wolf, Birds, Fox) feed on _________________________ for their source of energy

· Fourth trophic level are Tertiary consumers eat secondary consumers (animals that eat other animals called carnivores); lions, polar bears, wolf, etc 
· Omnivores are both primary and secondary consumers[image: image9.png]MARINE FOOL WEB
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Part C:  Energy within Food Chains

· Every organism in an ecosystem provides energy for other organisms

· Food ______________ are a way of showing a step-by-step sequence of who eats whom in an ecosystem

· Consumers are placed in categories based on their tropic level in a food chain

· The final carnivore in any food chain is called a __________________; they are not eaten by any other animals

· Each individual organism is involved in many food chains; interconnected food chains that involve all the organisms in an ecosystem are called a food ________

· The most stable ecosystems have complex, well-developed food webs that can withstand the removal of one species 

· each time energy is transformed, some energy is lost from the system

· Result: amount of energy available in each step of a chain is always _________ than the amount of energy available in the previous step

· The overall loss of energy at each step sets a limit on the number of trophic levels in a food chain at about _________.

Graphing Energy in Ecosystems using Ecological Pyramids

· Graphs called ___________________ are used to represent energy flow in an ecosystem

· Help ecologists visualize the relationships in an ecosystem and to easily compare ecosystems  

Important facts about Pyramids of Energy 

· Every time energy is__________ within an ecosystem, some of the energy changes form. 
· Ex. Sun’s energy ___________ to chemical energy in the form of starch (photosynthesis)

· Animals gain energy using the chemical ___________ stored in plants for energy. 

· Not all the energy _____________ by the plant is used by the animal that eats it  (a lot of it is used to maintain the plant during growth); same story as you move up the food chain (some energy will always be used by the organism) 
· Only a small fraction of the energy stored in an organism gets ________ to the next trophic level. 

· The farther up the food chain you travel, the less energy is __________ (ie. Less energy available to secondary consumers than there is to primary consumers
There are three main types of ecological pyramid:
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1.  Pyramids of Energy 

· Shows the amount of energy available  at each trophic level

· Only about __________ gets

 passed to the next

· The other 90% is energy lost

· This is what limits the number of trophic levels 

[image: image11.png]PRIMARY SUCCESSION
for the temperate

deciduous forest

o Vﬁu/i(/.lﬂlﬁ%u \elkid, .

0 years




2.  Pyramids of Numbers

· Shows the actual 

______________ of organisms

 at each trophic  level in an ecosystem

· May not have a “pyramid” 

shape due to the size of the 

organism in the chain
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3.  Pyramid of Biomass 

· Shows the _____________

(dry mass of dry tissue) of 

organisms at each trophic 

level in an ecosystem

Remember:  The energy available to maintain a food chain inevitably runs out unless the orginal energy (___________________) is continuously fed into the system.  Also, every ecosystem has a limit on available energy; primary consumers have access to the most energy.  
Roles in Ecosystems & Competition   (pages 40-44)

Competition: The simultaneous demand by two or more organisms for _________environmental resources, such as nutrients, living space, or light.

How does competition arise?

· Occurs naturally, whenever two or more organisms come close together in the environment and rely on the _______resources

· Competition is a good thing because it serves to remove weaker organisms and therefore _________populations

· In food webs, you can easily find out which species may be __________for the same resources

Ecological Niche

· Each organism has its own _____within an ecosystem

· Ecological niche: organism’s place in the food web, its habitat, breeding area, and the time of day it is most active; includes everything an organism does to ___________________________________________

· Habitat: is the place where a species lives.

· Each species in an ecosystem tends to have a different niche, a different role; this helps reduce _________________between species for the same territory and resources

Interactions

· When populations interact with one another, they influence each other ability to survive and reproduce.

· They are agents of Natural Selection.

· No two species occupy the exact same niche
Intentional introduction

· The intentional introduction of an exotic species is often done for _______ reasons.  The introduction of such exotic species may or may not be successful; economically or otherwise.
· Successful example: In NL, shrews were introduced in 1958 to control an insect called the_______, which causes damage to larch and spruce trees.
Non-successful example:
• 
In 1957, wild African bees were imported by Brazil to try and increase ______   production.  They produced more honey, but caused an overall decrease.  This occurred because the aggressive African bees ___________the native species.
•  
These bees today are called ________due to a tendency to swarm and attack threatening animals.  Their population has grown and spread, unchecked by any natural predators.  By 1986, they had moved as far as Mexico, killing over 150______.  By 1994, they had colonies in the southern US.  They do not do well in cold climates, so Canada is safe.
Accidental Introductions
· Good example - introduction of ___________into Lake Erie in the early 1990’s.  It is a native of the Caspian Sea in Western Asia.  It’s believed to enter through bilge water discharged from ships.  They have spread throughout the _____________ and into numerous interconnected waterways.
· By 1995, they had moved through the Ohio River to the Mississippi, and could be found all the way to the Gulf of Mexico. (page 42, fig. 5)

Zebra Mussels
· The pearly mussels have ______ shells, which the zebra mussels attached themselves to preventing the _________ mussels from moving to obtain food, thus causing the decline pearly mussels.
· They attached themselves to hard surfaces such as _________ intake pipes, which are choking the water supply to many industries costing______________ of dollars.

· They reduced the amount of algae in the water thus increasing the temperature of the water. Warm water holds less _____________ thus having a hugh affects on fish such as trout in the lake. 
Competition Among Organisms:

· Competition for limited food, resources, and habitats are common within an ecosystem (all systems are limited in what they have)

· Interspecific competition results when individuals of ______________ species are competing for the same resources (ex. Lynx and the red fox both compete to eat the snow shoe hare)
· Intraspecific competition results when individuals of ______________ species are competing for the same resources (ex. Two mice competing to eat the same type of grass)
· Male salmon will compete with other males for mates during the _________ season.  The strongest will be successful, ensuring the fittest genes will be passed on.  
· The effects of competition are lowered in ecosystems with higher __________________ 

(more sources of food/resources puts less pressure on one resource, creates stability)

· The competitive exclusion principle states if you put two species with the same niche together then one will out compete the other and kill it off. 

Predator - Prey

-Prey and predator populations both follow cyclical trends

-When predators get too numerous, prey population drops and predator resources are thus depleted

-When prey get too numerous, disease and other density-dependent factors decrease the population

-During the population drops only the least fit individuals will die. 

-Note that the predator lags behind the prey then overshoots, causing its population to crash.

Competition for Niches

· When a new species enters an ecosystem, it causes a ___________________ (comes into competition with one or more species already there)

· Invasive species: a new species enters an ecosystem, not _____ to the area ( ex: shrew introduce to NL in 1958, zebra mussels) 

· Sometimes species are introduced naturally: Animals are mobile and can move easily between ecosystems, plant seeds are carried by ______/______

· ___________________ are often responsible for the introduction of exotic species into an area; unfortunately this can have disastrous consequences

Symbiosis

· Symbiosis – the living together of two different species; ____________________________________________________

· The benefits an organism might get by interacting with another include food, shelter, protection, and aids in reproduction.
· Symbiotic relationships help maintain stability within the ecosystem
Three types of symbiotic relationships:
· Mutualism - a relationship between two species of organisms in which ________________________ from the association (+/+).  Examples include:
cows and microorganisms,  algal and fungal cells in lichens, and Anemones and clownfish 
· Parasitism – a type of symbiotic relationship between organisms of different species where one organism, the parasite, ___________________________ of the host (+/-) .  Examples include: tapeworms and dogs, fleas and cats, and influenza virus and humans
· Commensalism – a type of symbiotic relationship between two organisms where one organism benefits but the other is __________________ (+/0). Examples include: pilotfish and sharks, barnacles and whales, and fish and beaver
Biogeochemical Cycles

Biogeochemical Cycles refers to the cycling of _______________ between living things and the environment.

The Oxygen Cycle

The movement of oxygen between the atmosphere and living things by means of _____________ evaporation and photosynthesis.

Oxygen is important because: 

• Oxygen is recycled as part of the carbon, hydrogen, and oxygen cycles. 

• Oxygen is cycled between the atmosphere and the living organisms of both aquatic and terrestrial ecosystems. 

• Oxygen is absorbed by the water in aquatic ecosystems. 

• Oxygen is produced as a by product of the photosynthetic organisms that live in the aquatic ecosystems. 

• Heterotrophs (consumers) require oxygen for cellular respiration but aquatic organisms receive their oxygen from the dissolved oxygen in the water. 
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Sketch: The Oxygen Cycle
Note:  The complementary processes of photosynthesis and respiration ensure that not only oxygen, but also carbon and hydrogen are repeatedly cycled.
Photosynthesis:

Green plants (other autotrophs) use the energy from the sun to convert inorganic carbon (CO2) into organic forms food molecules (carbohydrates)
6 CO2 + 6 H2O + light →  C6H12O6 + 6O2
Respiration:

The chemical breakdown of complex organic substances, such as carbohydrates and fats, that takes place in the cells and tissues of animals and plants, during which energy is released and carbon dioxide and water are produced.
C6H12O6 + 6O2  →  6CO2 + 6H2O + energy

Carbon Cycle
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Inorganic reservoirs that Delay the Cycle are (carbon stored in)
  atmosphere, majority stored in oceans, and earth’s Crust (limestone).
-Organic reservoirs that Delay the Cycle are (carbon stored in)
 bodies of living things, peat bogs and fossil fuels.
Human Impact on the Carbon Cycle
-Releasing carbon from organic reserves (removing fossil fuels from the ocean) faster than it occurs naturally                            

-Increasing amounts of carbon in inorganic reserves (oceans) by combustion   

Nitrogen Cycle
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•The movement of nitrogen through the ecosystems, the soil, and the atmosphere is called the nitrogen cycle. 
•In order for nitrogen to be useful to organisms, it must be available as a nitrate ion (NO3-).

•Atmospheric nitrogen is converted into nitrates by the process of nitrogen fixation, or nitrification, either by lightning or by bacteria in the soil.

•Nitrogen is required to make proteins and DNA, which is the genetic material, found in every cell.

Nitrogen fixation

Atmosphere (by lighting): The energy of lighting breaks ______________nitrogen molecules into nitrogen atoms, which react with oxygen in the air to produce nitrogen oxides. These compounds then dissolve in rain to produce nitrates, which seeps into the soil.
Biological: Nitrogen-fixing bacteria found live in root _______ plants [such as peas, clovers, alfalfa, beans] and in the soil convert nitrogen gas from the air into ammonia (NH3) and ammonium (NH4+) following by nitrifying bacteria converting ammonia (NH3) and ammonium (NH4+)  into nitrate.
Role of Decomposers
Organisms produce waste and eventually die. Decomposers break down the _____________ compounds in the decaying material into ammonia, which reacts with hydrogen ions to produce ammonium, which, in turn undergo nitrification to give nitrates.
Nitrification: a biological process during which nitrifying ___________ convert ammonia (NH3) and ammonium (NH4+) into nitrites than into nitrate. 
Denitrification: a biological process during which denitrifying  ___________ convert nitrates back into nitrogen gas and release it back into the atmosphere.

How humans have altered Biogeochemical Cycles?

Humans have influenced the biogeochemical cycles in ______ ways:

Deforestation, Greenhouse effect, Ozone Depletion, and Eutrophication 

1. Deforestation
· Deforestation refers to the total ______________of trees and/or vegetation from a particular area or site. 

· It may have an effect on the cycling of materials in an ecosystem. 

· The tropical rainforest is a fragile environment that is threatened by human activities. It is one of the major world supply of oxygen.

· Large areas are being cut for wood and also for farming. Once vegetation has been removed, the soil loses its ___________ quickly and in a few years the land must be abandoned. 

· Plant and animal life do not usually recover from such destruction. (p.72)

2. Greenhouse Effect

· It is the gradual increase in ________________levels in the atmosphere

· Excess CO2 causes more heat to be _____________ by the atmosphere

Where does the CO2 come from?

· Burning of fossil fuels in factories and cars

· Mining → removing more carbon from the earth

· Burning of rainforests → clearing farmland

· Destruction of rainforests reduces the number of trees to remove the CO2

· The atmospheric temperature will rise gradually, leading to the phenomenon called _________________ (the overall warming of the earth’s temperature). (p. 64)

· By year 2075, mathematical models predict a doubling in CO2 levels would result in an average temperature increase of 3 to 4 degrees Celsius 

Effects of Global Warming

· Increase in global temperature

· The altering of the geographical distribution of precipitation, making major agricultural areas much drier.
· Changes in climate, which in turn, will affect plant and animal distribution 

· Melting of polar ice will cause a significant rise in sea levels, gradually flooding coastal areas.  This would flood most of the world’s major cities, located as they are along the sea coasts.
What Are We Doing About It?

· Reducing CO2 output 

· Use electric/ hybrid cars

· Cutting back on energy consumption

· Global agreements to reduce emissions

· Reducing deforestation

 3.  Ozone Depletion

· The ozone layer is a thin layer of a __________ gas located in the stratosphere (O3) that helps to screen out ultraviolet radiation. 

· Factories and homes spew out CFC’s (Chlorofluorocarbons) 

· Sunlight breaks down CFC’s in the stratosphere.

· Break down products of CFC’s are the main cause of ozone depletion, in which turns ozone, O3 into oxygen, O2.

    Cl + O3 → ClO + O2

 ClO + O3 → Cl + 2O2

    2O3 → 3O2

· Ozone holes above the Canadian Arctic and Antarctica have been identified. 

· An ozone hole is a region in the ozone layer in which ozone levels have been considerably reduced and the layer has become thin. 

· This causes an increase in UV radiation reaching the earth’s surface, which can lead to increases in skin cancer.
4.  Eutrophication

· Fertilizer runoff increases growth in water.

· A buildup of nutrients (such as nitrogen and phosphate fertilizers) in water can lead to the environmental problem. 

· These nutrients cause algae to grow rapidly and lead to the problem of an _____________. Algal blooms are one of the consequences of eutrophication. 

· Masses of blue-green algae can literally choke the life out of a lake or pond by depriving it of much needed oxygen. 

· Under extreme conditions, a eutrophic lake or pond may be left entirely deprived of fish. (p. 70) 

Biomes 

 A Biome is a terrestrial ecosystem occupying an extensive geographical area and is characterized by a particular plant community. Often biomes are thought of as climatic regions

E.g. grassland, savanna, temperate forest, desert, boreal forest, tropical rain forest, tundra
Physical factors that can affect the location of biomes include: Temperature, Rainfall, Altitude and Latitude, Mountain Chains, Air currents, Ocean currents

Temperature and Rainfall:

Terrestrial Biomes are greatly influenced by rainfall and temperature.

Temperature influences the availability of water to plants, soil & animals.

· The hotter it is the faster water evaporates

· Cold temperatures can lock the water up in ice

Latitude

· Latitude measured in degrees, is the distance north or south from the equator, which is at 0o latitude.

· Latitude affects the angle at which the sun strikes the Earth’s surface. This is due to the tilt of the Earth’s Axis

· Mountains have an important impact on climate

· As elevation increases temperature decreases due to thinning air retaining and less heat

· The temperature drops 2o C (3.5o F) for every 305 meters  (1000 feet) 

· Mountains also create a local dry area called a rain shadow on the leeward side
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The Major Terrestrial Biomes

In general the world can be divided into biomes based on latitude.
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Canadian biomes

The Tundra
Location: South of the ice caps of the Arctic extending across North America 
The Tundra Climate: 

· Low average temperature.

· Average yearly precipitation of 10-12 cm.  Due to low ______________, the region is wet with ponds and bogs during the short, warm summer (poor drainage).

· The bogs consisting of peat soaked within melt water form because melting snow cannot drain into the permafrost.

· Short growing season of about ______days.

The Tundra Plants:  mosses, ______________(reindeer moss), grasses, sedges and shrubs.
· The word tundra means “marshy plain”
The Tundra Animals: 

· musk oxen, caribou, wolves, ___________, arctic fox, lemmings (shrew type animal) and snowy owls
· Insects include black flies and ___________________.
The Tundra Soil: 
· Permafrost (permanently frozen soil) is present.
· This makes the growth of large ______________ impossible.

· It ranges in depth from a few inches to several feet.

· The thin, uppermost layer of the soil (active layer) will thaw during summer but is of poor quality
because the cold reduces ______________of decomposers (bacteria and fungi) so there is slow cycling of                     matter and little organic matter, thus slow decomposition.
Boreal Forest (Taiga)
Location: South of the tundra extending across North America.
Newfoundland is considered part of the _________________ biome.
Boreal Forest Climate
· Cold winters with the ground covered in snow and warm summers causing the ground to thaw completely.

· Average precipitation of 50-100 cm.

· Growing season is about ________days.

Boreal Forest Plants: conifers (pine, fir, spruce), deciduous conifers (tamarack), some deciduous trees (birch, maple), ________________& cranberry shrubs, ferns, moss, etc.
Boreal Forest Animals: moose, bears, _____________(pine martin), lynx, snowshoe hares, foxes, beavers
· Variety of birds such as warblers (coniferous nesters).

· Wide variety of insects, including pests of trees like the _______________and spruce budworms.

Boreal Forest Soil
· A deep litter layer and higher temperatures allow more __________ decomposition.
· Acidic and mineral deficient, due to large amounts of _____________ moving through the soil.
Temperate Deciduous Forest
Location: South of the boreal forest in ____________ and central Canada.
Temperate Deciduous Forest Climate
· Cold winters with hot summers.

· Average precipitation of 75 to 150 cm.

· Growing season is about _________days.

Temperate Deciduous Forest Plants
· Deciduous trees (maple, birch, chestnut, hickory, beech, oak) that lose their ___________seasonally

· Well-developed and diversified shrubs, ferns, moss, etc.

Temperate Deciduous Forest Animals: 
· White-tailed deer, Black bear, Gray fox, Squirrels, Chipmunks, Skunk, Racoons and Mice
· Wide variety of birds including wild ____________ and woodpeckers.

· Amphibians, ______________ and insects are also abundant and diverse.

Temperate Deciduous Forest Soils
· Brown forest soils.

· Thin surface _________(decomposing leaves) layer due to rapid decomposition, earthworms being active.

· Upper soil is mildly acidic due to the litter layer.  Acidity decreases with depth.

· More fertile than Taiga soils because of high levels of ____________ and other soil nutrients held by clays.
Grasslands
Location: Interior of North America. Usually referred to in Canada as “the _______________”.
Grassland Climate
· Very cold winters with hot summers.

· Average precipitation of 25 to 75 cm.

· Growing season is about ____________days.

Grassland Plants: 
· Grasses, and wild flowers
· Trees are limited to low ______________ and low mountains.

Grassland Animals:
· Snakes, badgers, ___________________, ground squirrel (burrowers), antelope, elk, coyote, wolves.

· Bison were once numerous

· Grassland birds are limited due to the _____________, such as sparrows, rodent-eating hawks

· Most abundant insect is the ____________________.

Grassland Soils
· Soil is deep and rich (fertile) causing this biome to become the most productive ____________on Earth.

· Called ______________soils, or black earths, organic matter accumulates in the upper portion of the soil, making it dark.

· Neutral or slightly ____________soil.

Temperate (Mediterranean) Shrub lands or chaparral:


· Coastal regions bordering deserts

· Low rainfall like a desert, but fog and longer rainy season

· Mild moist winters, long, dry summers: Mediterranean climate

Vegetation:

Dense stands of shrubs and small trees with waxy or fuzzy evergreen leaves to conserve water.

Can withstand frequent fires.

Animals:

Mule deer, lizards, rabbits, rodents are often small and dull colored to match environment.

California is considered to have a Mediterranean scrub biome.

Deserts:

· Subtropics, low levels of rainfall (10 -20 inches). Less than 25 cm of rainfall a year.


· Nights are cold

· Brief growing seasons

Vegetation:

· Succulents adapted to store water. Perennials with large shallow root systems to quickly soak up desert storms.

· Coating of plant is water proof . Water stored in thick stems of succulents.

· Specialized annual wild flowers that flower after storms for only a month or less.

Animals:

Reptiles, insects are common. Snakes, lizards, owls, kangaroo rat.

Many animals are small and are active at night to hunt for food.

Tropical Rain Forests: 


· Humid equatorial regions, uniform temperature, lots of rain.

· Seasonal rainfall

· Tropical rain forests get 200-400 cm of rainfall per year.

· Complex ecosystem has more plant and animal species than all the other biomes put together.


Vegetation:

· Huge broad leaf evergreen trees dominant this biome.

· Competition among plants for light is strong 

· Upper canopy of solitary tall trees, can be 50-60m tall, (150 ft).

· Lower story canopy is continuous at 30 -40 m (90 -120 ft).

· Many vines and epiphytes(plants grow above ground) growing on the trees.

· Few plants on forest floor, little leaf litter.

· Soil is infertile, low in nutrients, mostly red clay.

Animals:

Birds, monkeys, and insects. Edible material near ground is scarce so many are living in or among trees.

There are two types of aquatic biomes Marine and freshwater 

Marine Biomes are the Oceans of the world

· Oceans cover 71% of the Earth’s surface

· But oceans are only about 1/3 as productive as land.

· Made up of a salt water 
· The most important factors in marine ecosystems are sunlight and nutrients

· But although water appears to be transparent it blocks light energy. Light can only go about 200m.

· Most of the nutrients are concentrated near the bottom!

· Along the continental shelves life is much denser than in the open ocean because nutrients are washed out from the land.

Ocean Life Zones

· photic zone-Supports photosynthesis

· aphotic zone-Supports chemosynthesis only

The life in the oceans is divided into two main groups:

· Benthic (bottom dwelling)

· Pelagic (free floating) such as sharks and whales.
There are two types of plankton: 
· The start of the food chain in oceans is the free floating phytoplankton (autotroph).
· Consisting of algae, protists, shrimp and other crustaceans. 

· They are the basis of the food web for most pelagic organisms

· Next in the food chain are the free floating Zooplankton (heterotroph)

Estuaries

· Coastal wetlands are rich in nutrients, water is shallow and plants can attach to the bottom.

· Breeding grounds for a range of organisms including most commercially important fish species.

Freshwater Aquatic Biomes

· Made up of any of body of water that is made of freshwater such as lakes, ponds, streams, swamps, bogs and rivers. 
· They cover roughly 20% of the Earth.  
Two types of Lakes 

· 1)  Oligotrophic - deep, clear very cold and very low nutrients

· 2) Eutrophic - shallow, warm,not clear, excellent supply of nutrients

Lake is composed of three zones: 

Littoral Zone- splashing area where sunlight reach bottom of the lake, lots of light, warm/cold, oxygen; close to shore; and organisms include waterlillies and sedges

Limnetic Zone-open area of the lake with sufficient light and oxygen; heat will decrease with depth; and organisms include plankton and fish
Profundal Zone- deep part of lake with no sunlight, very little oxygen; cold water; and organisms include bacteria and bottom dwelling invertebrates
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Soil Formation

· Bedrock is broken down by the process of weathering. 

· Also, lichens colonize on bare rock and secrete an acid which helps to dissolve the rock . 

· Dead lichen adds organic content to soil. 

· Mosses and small plants anchor in the primitive soil, die and add organic content. 

·          Small animals live in the soil. Humus content of soil increases and more plants grow. (p. 98)

Components of Soil

· [image: image14.png]


Litter- partially decomposed organic matter

· Topsoil layer

· Small particles of rock mixed with decaying plant

 and animal matter (humus)

· Rich in minerals, air and water

· Dark soil


· Subsoil









·          More stones and rocks then topsoil

· Small amount of organic matter

· Large amounts of minerals

· Bedrock - solid rock, no soil 

Factors Affecting Soil

· soil fertility (how fertile the soil is)

· water storing capacity 

· soil pH (how acidic or basic)

· Salinity (how much salt is present)

· porosity to air (oxygen, nitrogen, and carbon dioxide – its ability to “dissolve”)

How can soil be altered?

1.  Leaching

· Process of ground water seeping downward, taking nutrients and organic material with it.

· It can cause problems such as erosion and poor plant growth

· Humans can cause leaching

· Deforestation – don’t prevent runoff

· Construction - changes the “water table” 

· Farming -causes different vegetation, and changes to the water table

2.  Pesticide Use

· Putting artificial chemicals into the soil

3.  Acid Deposition

· Fossil fuels burned by humans release sulfur dioxide and nitrogen oxide which combined with water to forms  acids

· Acid compounds dissolve in water or snow and fall to earth; therefore pH becomes lower

· Lowers pH in soil which increased leaching (nutrients dissolve better at lower pH)

· Fertility Decreases/Plants grow slowly (less leaching, less nutrients

· Plants are more vulnerable to disease

4.  Fertilizer Use

· Adding artificial compounds to the soil that are high in nitrates, phosphates, and potassium (essential for plant growth)

· Runoff may cause eutrophication

5. Pollutants

· Toxins spilled into the ground to distort plant growth and soil composition

-   Cars, snow clearing/ salting, sewage, litter, oil spill, etc.

· Increased toxins causes disease

· May caused Leaching and acid deposition

Pesticides and bioaccumulation

Pesticides are chemicals designed to kill pests.

Categories of Pesticides (see Table 1 on page 53)

1.   Insecticide: kills insects (ex: DDT)
2.  Herbicide: kills weeds (ex: Roundup)
3.  Fungicide: kills moulds and other fungi (ex: Captan)
4.  Bactericide: kills bacteria (ex: Penicillin)

What is a pest? 
A pest is any organism that we believe is harmful or undesirable, has a negative impact on the human environment, or is in competition with human use of a resource, either natural, or cultivated

Examples: dandelions, rodents or insects that eat crops; microorganisms that cause disease in forest, fish, or crop resources, etc. 

Pesticides 
· There have been thousands of pesticides developed to kill pests
· Approximately 2.3 million tons of pesticides used yearly all over the world; 25 % of pesticides are used to get rid of pests in homes, gardens and parks 

Early Pesticide Use (first Generation):
· Early pesticides included the use of toxic substances such as lead salts, arsenic, or mercury

· Generally effective against the intended pest, but also created some environmental problems because they also killed beneficial organisms, caused pollution

· Result: early pesticides began to accumulate in the environment, contaminating water and soil resources, eventually poisoning humans

Second Generation:
· By the 20th C, chemists began to develop organic pesticides that were designed to be less toxic to humans and more specific toward the intended pests

· Most early pesticides were non-biodegradable  (do not break down within the ecosystem) thus stored in fat tissue and not soluble in water
· Initially this was believed to be a step in the right direction, BUT it was discovered that they also had unexpected environmental effects

Bioaccumulation:

· Increase in concentration of a pesticide from the environment in all organisms in a food chain

· As each organism feeds on one lower in the food chain, the fat-soluble pesticide began to be concentrated in ever higher amounts as one moved toward the top of the food pyramid

Bioamplification 

· The higher up the food chain, and thus the higher the trophic level, the higher the concentration of toxins

· Since every organism eats far more than its own body mass in food, the tiny amounts found in each organism in the lower levels of the food web began to accumulate in greater concentrations in species located at higher trophic levels. 

· One example of this problem is illustrated by the damage done to predatory birds as a result of bioaccumulation of DDT (Ex. Bald Eagles)

· As a result of this problem DDT has been banned from use in North America
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Effects of DDT on Top Predators

· Carnivorous birds such as ospreys and bald eagles eat other birds, dead animals and fish which contain a build-up of DDT

· DDT causes the shells to become too thin to allow the large females to sit on the eggs without them breaking

· Since eggs are being broken, the over-all population of these birds is declining

· After DDT was banned in the US and Canada in the early 1970’s the bird populations of recovered.

· DDT bioaccumulates in humans the same as it would other animals

· Male birds have also become more feminine as the DDT mimics female sex hormones

· Not all countries, like Mexico for example, have banned the use of DDT

-Since birds migrate from winter to summer from one country another, birds are not 100% safe from the presence and the effects of DDT because birds are still eating organisms which are contaminated with DDT.

The Impact Bioamplification:

· Long-lived -  Present for a long time in the system

· Mobile  - Easily passed up the food chain

· Soluble in fats -Dissolves in, and is stored in fatty tissue

· Biologically active – Affects biological body tissue

Not all countries, like Mexico for example, have banned the use of DDT

Since birds migrate from winter to summer from one country another, birds are not 100% safe from the presence and the effects of DDT because the ecosystem in Mexico is contaminated.
Third generation - Modern Pesticides (Water Soluble) :

· Newer pesticides have been developed that are not stored in fat but are soluble in water (animals can remove these pesticides from their bodies by breaking them down with their liver and excreting them; they are also broken down in soil a lot faster)

· Water soluble pesticides do their job in killing pest but they also cause other problems that have to be considered

Problems with Water-soluble pesticides:

· Often, more than one application of these pesticides has to be applied to an area because they do not kill all the pests right away. Insects becoming more resistant to the pesticide thus a resistant population of insects can be created
· Because they decompose faster in the soil, they don’t last as long and thus may not reach targeted pests. Thus, they have to be applied more often.

· They affect other organisms in the ecosystem besides the pests they are supposed to kill. Thus humans are at risk as well as other plants and animals

· Bioaccumulation may occur in many different food chains when the dead pests or other non-specific organisms are eaten.

· Even though water soluble pesticides cause problems and pose risks to the environment, they are still considered safer than pesticides such as DDT and are the lesser of “two evils”

Attitudes towards Pesticides

· We use less of them, they are not sprayed unnecessarily

· They are weaker than they used to be so that pests are controlled rather than eliminated

· More environmentally friendly – less toxic to people and animals that are not intended to be harmed

Succession

Decades ago, most ecologists thought that biological ecosystems and communities always exist in a state of _______________ or stability, unless disturbed by humans.  In other words, the communities maintained a relatively ______________ composition of species.

Most biological communities are constantly ___________ because disturbances, both natural or human, prevent them from reaching a __________ state.  

Disturbance is an event that changes a community by removing organisms or altering the availability of resources.  

Various disturbances 

Exs: -abiotic: fire, flood ,drought, volcanic eruption, glacial activity,etc. 

        -biotic: e.g human activity (clearcutting, farming, etc...) 

Q:  Do all disturbances have the same effect on an ecosystem?  Why/why not?


Depends on frequency and severity

If a disturbance is severe enough to strip away all existing _____________, the area will be recolonized by a variety of species, which are gradually ____________ by other species, which in turn are also replaced in a process known as succession.  
Primary succession is a sequence of events from barren area to stable ecosystem. It occurs in a lifeless area where soil has not yet ___________ (ex. New volcanic islands).  This process can take ____________ to thousands of years.   

 E.g. Barren rock ->Lichens/Mosses ->soil with bacteria -> Grasses/shrubby plants -> Large trees/Plants

Seeds carried in by animals or blown by wind.  
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Secondary succession is a sequence of events from soil to stable ecosystem. It occurs when an existing community has been cleared by some disturbance that leaves the ___________ intact.  Ex. Major storm (ie. Fire) or human disturbance (ie. clearcutting). In this case, the area slowly begins to return to its original state.  
In each case,  succession starts with a few hardy invaders called pioneers.

Seeds are brought in by _________ or animals, producing grasses and shrubs that are eventually replaced by trees and other ____________ vegetation.  
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Once a community has ____________from a disturbance, through ecological succession, it is called a ____________community.  

How does primary succession work?

· Pioneer species are first ones to grow  E.g. Lichens can grow on barren rock; together with bacteria can generate organic material which later becomes soil.

· Early species often change conditions (e.g. making soil) that make them more suitable for later succession stages.

· Entire process is a set of competitive replacements of one species by another.

· Let’s look at an example...

Lake Michigan is receding… How does this image illustrate succession?

· No life on water’s edge - waves, sand

· Foredune - pioneer community, beach grass binds sand, supports insects

· Shrubs - inhibit grass by stealing light, improve soil quality by providing lots of plant material.

· Pine Woods - short stage because trees shade own seedlings and inhibit growth.  Needles add to soil that supports…

· Hardwoods - own seedlings can grow in shade - reach equilibrium i.e. climax community

Agricultural & Land Use

· Only 11% of the Earth’s land is suitable for growing crops.

· By the year 2050 the Earth’s population may be nearing 10 billion!

· Will it be possible to grow enough food for everyone?…

Watering the desert:

· Near-deserts may be modified to promote crop growth.

· 2 requirements:

· Water needs to be pumped there.

· An irrigation system needs to be set up.

Problems with watering desert:

· All fresh water has salt.

· Because of the heat, water will evaporate leaving much salt behind.

·           Eventually even this land will be too salty to grow food. 

Agricultural and nutrients Use

· When crops are harvested, valuable nutrients (nitrogen & phosphorus) are removed from the soil permanently.

· Farmers have to replace it by adding Fertilizers.

Using Fertilizers:

· In the 1960’s and 1970’s the use of nitrogen, phosphorus and potassium increased crop production greatly.

·  Many of these and other fertilizers are still used

Problems

· Too much fertilizer can increase the acidity of the soil.

· These nutrients are carried into streams and then lakes by spring runoff causes algae to grow rapidly called algal bloom.

·          Algal bloom promotes increase plankton and decomposers populations.

· When algae die, the bacteria in water decompose it by using oxygen. 

·         This depletes oxygen levels and causes fish and other organisms to die.

Alternatives to applying fertilizer

· Rotating crops, as was done before the 1960’s.

· For example planting a legume crop instead of a vegetable crop to restore nitrogen.

Monocultures:

· Unnatural ecosystems that contain a single crop.    Ex. A wheat field 

Advantages of monoculture

· It’s much easier to care for the crop when it is all together in one field - it saves time and money.

· The timing of fertilizer application, irrigation and harvesting can be made ideal for the crop.

Disadvantages of monoculture

· More susceptible to pest because there is plenty of food available 

· Replacing biodiversity ecosystems with artificial ecosystems

· Biodiversity of the land is lowered 

· Pests can more easily take over (destroying the crop)

·           Pest become resistance to pesticides

Affects of using pesticides

· Beneficial insects (ex .ladybugs, bees), as well as the pests, are killed.

· Food webs are damaged.

· Bioamplification occurs

· Pesticides cause 20 000 human deaths and ~ 1 million poisonings every year

Pest Management

· Building birdhouses to attract insect-eating birds

· Building straw huts provide shelter for spiders during the winter and in spring these spiders eats (kills) insects pest that live on the rice, trees, etc.

· Crop rotation, pest larvae will emerge to unfavorable food supply.

Short Term Stress & Long Term Change 

Range of Tolerance

· Abiotic factors affects the survival of all living things. For example a plant may die if the temperature drops below 0 oC or reaches 100 oC. 

· Range of Tolerance refers to the range within which an organism can survive. An organism will survive best at the middle of their range of Tolerance.

· Every living organism has a range of tolerance within which it can survive. 

Two types of stress on ecosystems

Short Term Stress: 

· -seasonal peaks in temperature,

· -sudden changes in water supply,

· -sudden but limited human impact.

Long Term Change: 

· -Climate change (global warming), 

· - infestation by foreign plants and animals (exotic species), 

· -permanent human influence (habitat destruction, acid deposition, etc.) are examples of long term change.

How short term stress affects the organisms living in a community?

· While many natural forces -- drought, fire, flood, frost or species migration can affect it, an ecosystem will usually continue to function in a recognizable way. 

· For instance, a pond ecosystem may go through flood or drought but continues to be a pond. 

· This natural resilience of ecosystems enables them to resist change and recover quickly from disruption. 

How long term change affects the organisms living in a community?

Toxic pollutants and other non-natural phenomena can overwhelm the natural stability of an ecosystem and result in irreversible changes and serious losses, as illustrated by the following examples:

· decline of forests, due to air pollution and acid deposition; 

· loss of fish production in a stream, due to death of invertebrates from copper pollution; 

· loss of timber growth, due to nutrient losses caused by mercury poisoning of microbes and soil insects; 

· decline and shift in age of eagle and hawk (and other top predator) populations, due to the effects of DDT in their food supply on egg survival;

· losses of numbers of species (diversity) in ship channels subjected to repeated oil spills; 

· loss of commercially valuable salmon and endangered species (bald eagle, osprey) from forest applications of DDT. 

Usually, adverse ecological effects take place over long period of time or even at some distance from the point of release of a chemical. For example, DDT, though banned for use in the United States for over twenty years, is still entering the Great Lakes ecosystem through rainfall and dust from sources half way around the world

The impact on the Pine Marten 

· In 1986 they were listed as threatened because there were about 800 Newfoundland Pine Martens left. Today there are only 300-600 remaining in the wild. 

· The biggest threat to the Newfoundland Pine Marten population is habitat loss. Large-scale logging projects cut down 1000s of hectares of forests each year, making the land unsuitable for these martens.

· Forest structure provides critical resources required for survival including concealment and escape routes from predators, denning and resting sites, and access to prey.

The impact on the Bogs

· Bogs depend upon rainfall for its entire annual supply of water, and it will be sensitive to changes in both timing and amounts of precipitation. 

· Climate change is having a big impact on the peat bogs. 

· Lower water tables and warmer drier summers increase evaporation and transpiration will caused the peat bogs to dry out resulting in the moss dying. 

· A shift to moss covered peat bogs into bogs predominately covered with trees, affecting their ability to store carbon.

· The amount of stored carbon that could be released to the atmosphere from drying peat bogs will increase.
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