Science 10: Big Ideas
	Energy is conserved in the universe. Energy transformations are fundamental to understanding the world and life.
	Genes and genetic mutations are the foundation for the diversity of living things.
	Chemical processes involve changes in energy as atoms are rearranged.
	The formation of the universe can be explained by conservation of energy and the big bang theory


Biology:

Biology is the study of living things and of life itself. So before we go on let’s make sure we understand what it means to be alive. Life is incredibly complex and science does not fully agree on even how it how it should be defined. 
For example there is the definition from the perspective of physics: 

Living beings are systems with an organized molecular structure that 
can reproduce themselves and evolve as survival dictates.

Thermodynamically, life has been described as 

An open system which makes use of gradients in its surroundings
 to create imperfect copies of itself.

There are many others. In some you have thinks like computer viruses being considered alive!

Living Things

However for our purposes the perspective of most biologists will be most practical. In order to be a living thing you must meet the following requirements:  

· All living things reproduce.
· Living things are composed of one or more cells.
· All living things “eat” (consume energy) and “breathe” (perform gas exchange) and produce waste. Living things undergo metabolism.
· All living things respond to stimuli.
· All living things perform homeostasis.  This means they regulate their internal environment to maintain a constant state. For example sweating to reduce temperature.   
· All living things grow.
· All living things adapt over time to changes in their environment.

Even this list is not definitive, if you look, you will be sure to find many different lists that vary in some way from the one above. This is okay. Science is not static, concepts are often fluid.


There are many types of living things, or organism. Organisms can be organized into many groupings, like species, family (canine, feline…), class (mammals, birds, fish…) and others. One of the broadest classifications is kingdom:   PLANTS, ANIMALS, FUNGUS, POTISTS, MONERA:

· MONERA: Single celled (unicellular) organisms, who have no nucleus. These are very simple organisms. Most bacteria and algae are in this kingdom. Some can perform photosynthesis. 

· PROTISTS: Single celled organisms with nuclei. These organisms are more complex and may perform photosynthesis and also locomotion.

· FUNGUS: fungi are multicellular organisms that do not perform photosynthesis. Fungi absorb nutrients from their host. Fungi do not have pollen, seeds or fruit. Most fungi have cell walls. In general fungi do not perform locomotion.

· PLANTS: Plants are multicellular organisms that perform photosynthesis. Most plants root in the earth and have stems and leaves. Plants produce pollen, seeds and fruit. Plant cells contain chloroplasts and have cell walls. In general plants do not perform locomotion.

· ANIMALS: Animals are multicellular organisms that do not perform photosynthesis. Animal cells do not have cell walls. Animals have mobility and can perform locomotion.

VIRUSES
Whether or not viruses should be considered as alive is controversial. They are most often considered as just replicators rather than forms of life. They have been described as “organisms at the edge of life” because they possess genes, evolve by natural selection, and replicate by creating multiple copies of themselves through self-assembly. However, viruses do not metabolize and they require a host cell to make new products. Virus self-assembly within host cells has implications for the study of the origin of life, as it may support the hypothesis that life could have started as self-assembling organic molecules.


OTHER SYSTEMS
	
	Like the definition of life itself, there is not consensus on the divisions of life (taxonomy). There are systems that 	include 6 kingdoms (in which the monera kingdom is divided in two), those with 8 kingdoms and more. Our choice 	to look at the 5 kingdoms above is a matter of convenience more than anything else. 









HABITATS, ECOSYSTEMS, FOOD CHAINS, FOOD WEBS and ENERGY

We will use quite a bit of new terminology moving forward that may be new to you. Here is a partial list of some key words you are expected to know:

Abiotic Elements:
The non-living factors in an ecosystem. This includes the air, water, sunlight, nutrients, temperature, soil and many more.

Biotic Elements:
The living things or organisms. This includes all the plants, animals, fungi, bacteria and others.


	Individual: A single organism
	Species: A classification of closely related organisms that can reproduce with one 	another.
	Population: All of the individuals of a certain species within an ecosystem.
	Community: All of the populations of different species interacting within an ecosystem
Dominant (Keystone) Species: One of a small number of species which dominate in an ecosystem.
Often these are top predators in an ecosystem, live wolves, but not always. Other examples include prairie dogs, sea otters and beavers.
These are creatures who influence the ecosystem in a way that is disproportionate to their numbers.
Habitat: The place that an organism lives. The habitat includes the abiotic environment (temperature, weather, terrain, land, water…) as well as the biotic (living) environment (type of vegetation, soil biology, insects, and other animals, bacteria and fungi) of a particular organism or population of organisms.

Ecosystem: The entire habitat, or collection of habitats as well as the functioning interactions and relationships between all of the organisms with each other and between the organisms and the abiotic environment. 

This is a difficult concept and the two terms are often confused. The key thing for us to understand is that the concept of ecosystem is more complex and involves actual interactions. A very simplified way to think of it is:

A habitat is a place. An ecosystem is the place and all of the things that happen there.

FOOD CHAINS, FOOD WEBS and ECOLOGICAL PYRAMIDS

	• Predator: An organism that kills and eats another as its food source.
	• Prey: An organism that is hunted, killed and eaten by another.
•The Sun: The primary (or first) source of energy on Earth. Ultimately all energy on Earth flows from the Sun

•Trophic Level: This term means ENERGY LEVEL. It refers to what stage on a food chain an organism is. Producers are ALWAYS the first trophic level, primary consumers are second trophic level, secondary consumers are third trophic level, et cetera. 

AUTOTROPHS:

Obtain food from inorganic carbon.

•Producers: Organisms that make (or produce) their own food through photosynthesis or chemosynthesis.

This is an endothermic process.


	


 
Producers are always the First Trophic Level, which means they begin the food chain.


HETEROTROPHS:

Heterotrophs must obtain food (sugars, organic carbon) from other organisms (or their waste). 

•Primary Consumers: Organisms that eat (consume) producers. These are animals (usually) that eat plants. 
Primary consumers are on the __________ Trophic Level.

•Secondary Consumers: Organisms that eat primary consumers. These are animals (usually) that eat animals that eat plants. For example a wolf that eats a deer, or a bird that eats a grasshopper.
Secondary consumers are on the _________ Trophic Level.

•Tertiary Consumer: Organisms that eat secondary consumers. These are animals that eat animals that eat animals that eat plants. An example is a cat that eats a bird that eats insects that eat leaves.
Tertiary consumers are on the _________________________.

• Quaternary, Quinary, Senary… Consumers: These are animals that consume one level below themselves and would occupy the Fifth, Sixth, Seventh… Trophic Levels.
Most food chains top out at the fourth or fifth trophic level.
An organism at the top of a food chain, with no natural predators is called a Top Predator or Apex Predator.

•Scavengers: Organisms that eat the remains of organisms left behind by other animals, or that have died other ways. Examples are vultures and hyenas. Scavengers are generally classed as carnivores or omnivores, but not as detritivores or decomposers.
Scavengers do not have an assigned Trophic Level.

•Decomposers: Organisms that feed on the remains or wastes of other organisms and break it down to simpler materials. These are different than scavengers in that they do not eat or ingest in the way we think of it. These are usually bacteria and fungi that cause the material to rot and decay. Decomposers do not have an assigned trophic level.






Consumers can be classified not only by their position in a food chain, but also by what they eat. Answer the questions below by using the following terms:

Carnivore    Detritivore    Omnivore    Herbivore

•What is the name of an organism that only eats plants?


	•Examples:


•What is the name of an organism that only eats other animals?


	•Examples


•What is the name of an organism that eats plants & other animals?


	•Examples


•What is the name of an organism that eats dead/waste matter only?


	•Examples


•A scavenger is an example of a:





All organisms must then perform cellular respiration to convert their food into energy. Cellular respiration can take many forms, but it is always an exothermic process. The most common form of cellular respiration is an exothermic combustion reaction:













Energy Flow through Ecosystems 

Food Chain:
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Food Web: A food web is a group of overlapping and intersecting food chains in an ecosystem. Consider the example below:



Identify 3 food chains.

Which organisms are
producers?

Which organisms are
primary consumers?

Secondary consumers?

Tertiary consumers?

Top Predators?

At which trophic level(s) 
does the frog feed?

At which trophic level(s) 
does the beetle feed?

At which trophic level(s) 
does the snake feed?

Identify the top predatorWater Plants

in this food web.






















Ecological Pyramids:

Essentially, all the energy available to ALL ORGANISMS comes from the Sun. However only producers can access this energy directly via PHOTOSYNTHESIS. All other organisms must consume other organisms to get energy. However nearly 90% of all energy that is taken in at any level is used up and made unavailable to the level above. So as you move up any food chain there is less (only 10%) as much energy available for each level above. This means the populations are always greatest at the bottom of a food chain. This can be shown in an ecological pyramid.
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Pyramid of Numbers





















Population size decreases as you move up, but there is no way to predict exact numbers.
A similar pyramid can made showing BIOMASS, the total mass of all organisms at a specific level.
COMPETITION, NICHES and ADAPTATIONS:

Niche: 
How an organism competes to obtain resources within an ecosystem is called a niche. The niche includes where the organism lives (land, water, air…), how it attains energy (photosynthesis, herbavory, predation…), its method of reproduction (sexual, asexual…) and many other things (can you think of some?). 

A niche can be very general like land animal vs water animal, or grazer vs. predator, or deciduous vs. coniferous. A niche can be extremely refined and detailed like the difference between two different lizard species that live in the exact same area and both eat insects, however they eat insects of slightly different sizes, and thus have slightly different niches. In general, the more abundant the resources within a habitat, the greater number of organisms, the greater the availability of niches and the greater the biodiversity.


Competition:
When two or more individuals want or need the same resource (food, water, shelter, mates…) in the same ecosystem at the same time individuals will need to compete. Competition can be INTRAspecies, meaning between members of the same species, or INTERspecies, meaning between two or more different species
[bookmark: _Hlk6484499]
Because there is a limited amount of available resources, organisms must compete. Competition most commonly occurs for food, water, space (range), shelter and mates (reproduction). Competition can be between members of the same species (INTRAspecies), like competition for mates among lions, or between species (INTERspecies), like two plant species both attempting to shade one another out.

Competition is generally harmful to both organisms in one way or another, but more so for the weaker competitor.  

Adaptations:
A very important concept in ecology is the competitive exclusion principle which states: 

No two species have identical niches within an ecosystem. 
If two species occupy the same niche, then one must adapt or it will become extinct.

This leads to organisms adapting in ways to give them a competitive advantage in their niche, or adapting to find a new niche. Adaptations can be immediate, like an individual changing its behavior due to a change in food sources, or adaptations may be evolutionary and take place over many generations.  For our purposes we will focus on adaptations that can be passed on from one generation to the next (heritable adaptations). 

Heritable adaptations generally take one of three main forms: 

	Structural: 	An organism's environment shapes its appearance through structural 						adaptations. Desert foxes have large ears for heat radiation and Arctic foxes have 				small ears to retain body heat. Seals have flippers to navigate water and raccoons 				have separate, flexible digits to manipulate food. White arctic hares blend into 					snow and spotted jaguars into the speckled jungle shade. Many evergreen trees 					are cone-shaped to prevent too much snow from building up. Structural 						modifications affect organisms at different levels, from the large fangs on many 					predators, to the hollow hair of a polar bear, and sharp eyesight for						predatory birds. 

Physiological	Based on body chemistry and metabolism, physiological adaptations usually don't show from the outside. Kangaroo rats are dessert animals and have very efficient kidneys that do not require much water. A mosquito produces compounds in its saliva that prevent blood coagulation. Many snakes can produce venom to disable or kill their prey. Many other organisms (plants and animals and fungi) produce toxins that make them less palatable. The ability of bears to slow their metabolism during hibernation is another example.
		Behavioural	Adaptations that affect how an organism acts, or behaves, are called behavioural 						adaptations. Bears hibernate during winter when food is scarce, and temperatures are 					cold. Birds and whales migrate to warmer winter climates. Desert animals are active at 					night during hot summer weather. A nesting killdeer (bird) will pretend to be injured to 					lure a predator away from her young. Crows in cities can be seen to drop nuts on roads 					so that cars will drive over them and break open the nuts. Behavioural adaptations 					that involve mating procedures, such as that exhibited by the Australian bowerbird, can 					be amazingly complex. Often behavioral adaptations involve physiological mechanisms as 				well (hibernation). Behavioral adaptations may be instinctive or learned.

SYMBIOSIS

A major factor in the way that organisms adapt to their ecosystem is the ways in which they interact with other members of the ecosystem. One major type of relationship is symbiosis. Symbiosis is a close, lifelong relationship between organisms, usually of different species. Symbiosis is an extremely common form of adaptation. It involves structural, behavioural and physiological adaptions.

There a great many different types of symbiosis, but we shall limit our discussions to the most common 3 types: mutualism, commensalism and parasitism.


Mutualism: 	A symbiotic relationship in which both species benefit. The relationship between flowering plants and a bees, between dogs and humans, between oxpeckers and a zebras are examples of mutualism.

Commensalism: A symbiotic relationship in which one species benefits and the other is largely unaffected.       
The relationship between birds and the trees in which they nest, between monarch butterflies and milkweed, between cattle egrets and cattle are examples of commensalism.

Parasitism: 	Perhaps the most well-known of the three, a parasitic relationship is one in which one species benefits and the other is harmed. In a parasitic relationship, usually the parasite does not kill the host, or at least not until the parasite has had a chance to reproduce. Most commonly the parasite receives nutrition from the host. Fleas sucking the blood of dogs, cowbirds laying their eggs in the nests of other birds, fungus growing on the fruit of a peach tree are examples of parasitic relationships. 

Other relationships exist such as competition and predation that are not generally considered to be a forms of symbiosis. This may be because the relationships are not necessary for survival, not long-term or are not between species. As with most things there is not a clear line and some relationships may be considered symbiotic by one group, and not symbiotic by another. All relationships can be considered to be a form of behavioral adaptation.



FITNESS, VARIATION, SELECTION and REPRODUCTION

Fitness:

Ecologically, fitness refers to the ability of an individual to attain the necessary resources to reproduce. The more often an organism passes on its genetic material the more successful it is in terms of biological and genetic survival. All other aspects of an organism’s life, habits and behaviors need to be viewed with respect to this basic goal. 

This is a major challenge in genetics; examining adaptations and relationships in terms of biological fitness: How does … help this organism to survive and reproduce?

Variation:

In order to understand evolution it is key to recognize variation within a species. Within any species there are differences between individuals; some people are taller than others, some plants produce smaller fruits than others, some cats have slightly longer tails, some mushrooms have a more pungent odor and so on. In some cases these slight variations can become very important to survival. 

In particular, if there is a change within an ecosystem, a minor variation may produce a key difference in fitness between members of a species. For example imagine a species of bird than mostly eats insects from the bark of trees, but may occasionally eat nuts that have fallen to the forest floor. To eat the nuts the birds must first break through their shells. If a disease kills off most of the insect population, the birds may need to radically alter their diet. Suddenly those birds with slightly stronger, blunter beaks will have a greater ability to obtain food, by switching their diet to mostly nuts. These birds will have a greater likelihood of survival and will be more likely to produce offspring. If the beak shape is a heritable trait, it will become more prevalent in the next generation. Without natural variation between members of a species, there would be no selection of one trait over another.

Selection:

It is very important to note that the organisms do not select favorable traits themselves. Rather it is nature that selects. Further it is important to recognize that nature is not actively selecting any particular organism. There is no intention in the selection process. It is simply that through random variations within a species certain traits may provide individuals with increased fitness due to some set of circumstances. A trait that may be beneficial under one set of environmental conditions may be detrimental under another. If we revisit the bird example above and imagine that instead some disease killed off the nut producing trees, then individuals with beaks more adapted to eating insects would be selected. In this case having a stronger, blunter beak would likely be a detriment.

Reproduction

For anything above to lead to a change within a species over time (evolution), organisms must reproduce. Reproduction is the process by which organisms create “copies” of themselves. By reproducing an organism may pass on the favorable to the next generation. Individuals with beneficial traits are more likely to reproduce and so those traits are more likely to be passed on to the next generation. Over the course of many generations a species can thus evolve.

Reproduction can occur in two main ways: Asexual and sexual. 

In asexual reproduction a single organism makes identical copies of itself. In this case identical means that the offspring has identical genetic information to the parent. The major advantage of asexual reproduction is its relative simplicity and short generational time span. As a result of this short generational time span, change can occur quickly. Asexual reproduction is the method used by bacteria. Evolution can be seen in bacteria in very short time frames in the development of antibiotic resistant strains of bacteria.

In sexual reproduction two members of a species are required (usually one male and one female). The two individuals must have their sex cells, the male sperm and the female egg, combine. The offspring will thus have half of its genetic information from each parent. The main advantage of sexual reproduction is that it promotes variation within the species. Simple observe that although you likely share traits with your parents and siblings, you are not identical. The greater the variation within a species the more adaptable the species is as a whole. The major disadvantage of sexual reproduction is the complexity and the generational time. 


EVOLUTION, ADAPTIVE RADIATION, DARWIN and NATURAL SELECTION

Evolution

The term evolution simply refers to change over time. In biology it generally is used to describe how a species can change and adapt over multiple generations. More recently evolution has come to refer to changes in the genetic composition of a population over generations. Evolution within a given population is easily observed, and many examples can be listed (what are some?). Evolution is a NATURAL LAW.

Adaptive Radiation

In evolutionary biology, adaptive radiation is a process in which organisms evolve from an single species into many new forms. Adaptive radiation explains the formation of different variants of a single species. Normally this occurs when a change in the environment makes new resources available, creates new challenges, or opens new environmental niches. As a result of the normal variation that exists within a species, over time the result may be many different forms of a single common species. The most famous example is that of Darwin’s finches. But there are many other examples:
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Natural Selection

Darwin believed that the desires of animals have nothing to do with how they evolve, and that changes in an organism during its life do not affect the evolution of the species. He argued that organisms, even of the same species, are all different and that those which happen to have traits that increase their ability to survive in their environments will have more offspring. The offspring are more likely to be born with their parents' helpful traits, and as they reproduce, individuals with that trait make up more of the population. Other individuals, that are not so well adapted, die off. This is the process that has famously become known as “survival of the fittest”.  

Most elephants used to have short trunks, but some had longer trunks. When there was no food or water that they could reach with their short trunks, the ones with short trunks died off, and the ones with long trunks survived and reproduced. Eventually, all the elephants had long trunks. This mechanism of beneficial traits being passed on (and other traits dying off), through reproduction, is known as natural selection. Not all traits can be passed down. Darwin was explicit that acquired traits (like big muscles from exercise) could not be passed down. Darwin’s theory also made it clear that evolution is not intentional and does not occur according to any “plan”.

Natural selection depends upon 4 main factors:

1. Overpopulation: Organisms die. Many of them before reproducing. Because of this species overproduce. That is they produce more offspring than the ecosystem can support.

2. Competition: As a direct result of factor 1 there will always be competition for survival within a species. Competition for food, competition for space, competition for mates.

3. Variation: Within any population there are variations in traits. Some of these differences may give certain individuals a competitive advantage over others.

4. Reproduction: Individuals with beneficial traits must reproduce in order to pass those traits on to the next generation. Further, beneficial traits must be heritable; they must be able to be passed on. In particular, acquired traits are NOT HERITABLE.  

Because natural selection is an explanation of HOW evolution occurs it is a SCIENTIFIC THEORY. 

There are many misconceptions surrounding evolution. Here are some key ideas that address some of those misconceptions: 

1. Evolution and Natural Selection are synonymous. 
Evolution and natural selection are not the same thing. Evolution is simply change over time. The concept of evolution existed well before Darwin’s work. Natural selection describes the process, or mechanism, by which evolution occurs. Evolution is a law, natural selection is the theory.

2. Fitness does refer to how physically strong, or what physical condition an organism is in. Fitness means how well suited a certain organism is to its particular environment. To Darwin “fittest” means those most naturally suited to survival in their immediate surroundings.

3. Evolution is not “directional”. Evolution does not necessarily lead to improvement or “better” organisms. Beneficial traits are not intrinsically better than other traits. The semi-random conditions in an organism’s habitat determine what is beneficial. Under one set of conditions being smaller may be beneficial, while under another set of conditions being larger may be beneficial.


Charles Darwin

Darwin was not the first to describe evolution. The idea of changes in species through time have existed at least as far back as 550 BCE in the writings of the ancient Greeks. In China, Taoist philosophers proposed species could develop different characteristics in response to different environments as early as 340 BCE. Another famous evolutionary theorist was Jean-Baptiste Lamarck, who published a theory of evolution in 1801, 57 years before Darwin’s Origin of Species.

The reason Darwin gets the credit is that he provided a plausible, testable mechanism for evolution. Darwin approached the problem scientifically and did not publish his ideas for more than 20 years. In those 2 decades Darwin collected a vast amount of evidence. Darwin provided evidence from his observations on the Galapagos Islands, observations of other naturalists in Indonesia, fossil evidence as well as anatomical evidence. Darwin also used evidence from geology and concepts from other branches of science. It is important to note that at the time he published On the Origin of Species (1859) there was no knowledge of DNA, nor even any idea of how genetic material was passed on. 


SPECIATION GEOGRAPHICAL ISOLATION

For a new species to evolve, or for multiple species to arise from a common ancestor, there must be some sort mechanism that prevents two or more groups from inter-breeding. The simplest example of this is some actual physical barrier that divides populations. Evolution is commonly observed on archipelagos, or island groups. Species may somehow get from one island to another, but once there they are essentially isolated from members of the species on other islands. Now different conditions on these different islands lead to different evolutionary pressures. Over time the differences between these sub-species can become significant enough that they can no longer inter-breed. Thus, new species have evolved.

Other mechanisms which could lead to the separation of species could include glaciation, major earthquakes, or volcanic events. One of the most important evolutionary events was the breakup of Pangea into separate continents. This created a vast separation between species and provided very strong fossil evidence of divergent evolution. 

[bookmark: _GoBack]Increasingly human activity is creating many opportunities for very rapid evolution. As humans construct highways, cities, large scale farms. mines, et cetera, we partition habitats. This can lead to groups of species becoming largely isolated from one another, leading to rapid adaptation, specialization and ultimately the formation of new species.   
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