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Unit 4: Populations & The Environment
Name:___________________  Teacher:___________________
Section 1.1 – Populations and ecosystems

Ecology

The study of inter-relationships between organisms and their environment

Abiotic – non living components

Biotic – living components

The supporting layers of land, air and water that surrounds the earth is called the biosphere.

Ecosystems

Made up of all the interacting abiotic and biotic features of a specific area

Species are made up of many groups of individuals called populations. 

Populations

A population is made up of all the interbreeding organisms of one species in a habitat

Boundaries of populations can be difficult to define

Populations of different species form a community

Community

A community is made up of all the different populations of different species living and interacting in a given place at a given time.

Habitat

A habitat is a place where a community of organisms live.

Ecological niche 

Describes how an organism fits into its environment 

Refers to where an organisms lives and what it does there

Includes all biotic and abiotic requirements for an organism to live

No two species will occupy the exact same niche

Section 1.2 – Investigating Populations 

Due to time constraints and collateral damage, only small areas within a habitat are studied in detail; these samples represent the population as a whole. 
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The larger the number of samples, the more representative of the community the results will be.

Random sampling – Quadrat

Systematic sampling – Transect

Size of quadrate – Larger quadrats are used to measure larger species. If the species occurs in groups, a large number of small quadrats should be used.
Number of quadrats – Greater number of species, greater number of quadrats 

Position of quadrats – Random

Systematic Sampling 

Line transect – used to illustrate a transition along which communities of plants/animals change. E.g. Zonation

Provides a way of being able to clearly visualise the changes taking place

Any organism over which the line passes is recorded. 

Belt transect – provides information of the density of a species. If detailed density is required a belt transect should be used. 
Abundance – Number of species in a given space

Frequency – chance of a particular species occurring within a quadrat

Percentage cover – Estimate of the area within a quadrat that a species occupies 

To measure the abundance of a mobile species:
Estimate of population = no. individuals caught in first sample x no. caught in second sample 

                                                                           No. recaptured 
Assumptions:
· Proportion of marked/unmarked individuals is the second sample is the same for the whole population

· Individuals in the first sample distribute themselves evenly

· The population has a definite boundary. (no immigration/migration)

· Birth/Death is low

· Marking method is not toxic/ conspicuous

· Marking is not lost 

Section 1.3 – Variation in population size
Population growth curves

Growth curves of populations usually have three main phases:
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A period of slow growth due to the fact that there is only a limited number of interbreeding species

2.) A period of rapid growth, caused by the ever increase in organisms that are able to reproduce. For each interval of time the population size doubles

3.) Population size begins to level off as there are limiting factors on the population growth such as availability of resources. 

Population size
No population growth will continue indefinitely. This is because in time there will eventually be limiting factors that will limit the population size.

The various factors that limit population size can be of two types, abiotic and biotic.

Abiotic 

· Temperature – Each species has an optimum temperature at which they survive best at. The further a group of organisms are away from this temperature, the smaller there growth rate will be. If they are below the temperature, metabolic rate maybe lower if they are cold blooded. However if they are mammals, they will produce heat during respiration, at low temperatures more energy is used to maintain a stable body temperature and less is used for growth.

· Light – Light is the ultimate source of energy for an ecosystem. If light intensity is greater in plants, the more energy they can use to create spores and seeds and so they reproduce quicker.

· pH – Affects the function of enzymes. Enzymes work best at different pH levels and so if an organism exists somewhere where there are more appropriate pH levels then they will likely have a larger population.

· Water and humidity – humidity affects transpiration rates in plants and the rate of evaporation of water from animals. 
Section 1.4 / 1.5 – Competition / Predation
Competition between members of the same species is intraspecific 

Competition between members of different species is called interspecific
Intraspecific competition

Populations that undergo intraspecific competition are often limited by the number of resources available. 
An example of intraspecific competition is when oak trees compete for resources. In a large population of small oak trees, the larger ones will grow and out-compete the others for water minerals and light. The final population will eventually be fewer large oak trees. 

Interspecific competition

The competitive exclusion principle states that where two species are competing for limited resources the one that uses these resources most effectively will ultimately eliminate the other one. 

Predation – occurs when one organisms is consumed by another
Effect of predator – prey relationship on population size

The affect of population size for the predator prey relationship is summarised as follows:
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Predators eat there prey, thereby reducing the population of the prey

With fewer prey available, the predators are in competition with one another for the prey that is still left

Predator population decreases due to some predators not being able to catch enough prey

With fewer predators around, fewer prey are consumed

Prey population increases

More prey available, predator population also increases

In reality, there is normally more than one food source available so population size fluctuations are rarely so severe

Periodic population crashes create selection pressures that only allow certain individuals with the alleles to survive adverse conditions.

Section 1.6 – Human Populations 
Human population size and growth rate

There are two major factors that have caused an increase in the size of the human population:
The development of agriculture

The development of manufacturing that created the industrial revolution

Factors affecting growth and size of human populations
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It is the balance between the birth and death rate that ultimately determines whether or not the population is increasing, decreasing or remaining the same. 

Individual populations are affected by migration
Immigration – joining a population from outside

Emigration – leaving a population 

Population growth = (Births + immigration) – (deaths + emigration)

% growth rate in a given period = population change during a period  x 100
                                                           population at the start of a period 
Factors affecting birth rates

Economic conditions – less developed countries tend to have higher birth rates

Cultural/religious backgrounds – some countries/religions encourage larger families

Social pressures – in some countries, a larger family improves social standing

Birth control – the extent at which contraception/abortion is available affects birth rate

Political factors – governments can influence birth rates through education and taxation
Birth rate = number of births per year x 1000
                     Total population in the same year

Factors affecting death rate
Age profile – the greater the proportion of elderly, the higher the death rate

Life expectancy at birth – Residents of more developed countries tend to live longer

Food supply – Poor nutrition will cause an increase in death rate

Safe drinking water – poor quality drinking water will cause an increase in water born diseases thus increasing death rate

Medical care – access to medical care will reduce death rate

Natural disasters – the more prone a region is to drought/famine, the higher the death rate

War – War will cause an increase on death rate

Death rate = number of deaths per year x 1000

                      Total population the same year
Population structure
The change in societies regarding the change from life expectancy being short at birth and birth rates being high to those where life expectancy is long and birth rates are low, is an example of demographic transition
A graphical representation of the % of males and females of certain age groups in populations is called an age population pyramid
[image: image6.png]Krebs Cycle
(Citric Acid Cycle)

 S—
napn*
oco; [nar]
Acetyl-Con §
con

Citric acid
60

HAD
[nApH]




Stable population – birth and death rate is fairly the same. Population does not grow

Increasing population – Has a wide base to the pyramid indicating that there is a high birth rate

Decreasing population – Narrow base to the pyramid as there is a low birth rate.

Survival rates and life expectancy

Shows the % of people still alive in a population after a given amount of time

The average life expectancy is the age at which 50% of the population is still alive
Section 2.1 – Energy and ATP

Both plants and animals breakdown organic molecules to make ATP

What is energy? 

· Energy is the ability to do work 

· It can take a variety of forms, including light, thermal, electrical, kinetic, etc.

· It can change from one form to another

· It cannot be created or destroyed

· It is measured in joules (j)

Why do organisms need energy?

Living organisms are highly organised systems that require a constant input of energy to prevent them from becoming disordered.
· Metabolism – chemical processes

· Movement (inside/outside)
· Active transport

· Production of enzymes/hormones

· Maintaining body temperature

The flow of energy through a system occurs in three stages:

1. Plants produce organic molecules

2. Molecules are used in respiration to make ATP

3. ATP is used to do work

How does ATP store energy?

The ponds between phosphate groups are unstable and have low activation energies.

Water is used to covert ATP into ADP (ATP + H2O ( ADP + Pi + ENERGY)

This is a hydrolysis reaction

The reaction is reversible when ADP reacts with Pi in a condensation reaction.

Roles of ATP

· ATP is an intermediate energy substance used to transfer energy.
· Cells maintain just a few seconds supply of ATP
· It is a better immediate energy source than glucose because the energy is more manageable in small quantities. 

· The hydrolysis of ATP is a single step reaction

Section 3.1 + 3.2 – Photosynthesis and the light                                                        dependent reaction

Leaf adaptations 
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Leaves are adapted to brig together the 3 raw materials of photosynthesis.
Adaptations – Air spaces, waxy cuticle, xylem, stomata, thin upper epidermis, palisade layer.

There are three main stages of photosynthesis:

1. Capturing of light energy

2. LDR – splitting of water, products are reduced NADP, ATP and O2

3. LIR – CO2 is reduced to produce sugars + other organic molecules. 

Oxidation and reduction

Oil rig is often used to remember the difference between oxidation and reduction
Oxidation is loss of electrons – as well as the loss of H+ ions and the gaining of                                                           

                                                   Oxygen

Reduction is gaining electrons – as well as gaining H+ ion and losing oxygen

In oxidation, energy is released, in reduction, energy is required

The making of ATP 

Chlorophyll absorbs light energy

2 electrons move to high energy levels and leave the chlorophyll molecule.   

Electrons are taken up by electron carriers

Electrons are transferred along an electron transfer chain

Electrons loose energy at each stage, which is used to make ATP

Photolysis

The electrons that are lost from the chlorophyll are replaced by electrons released during the photolysis of water where oxygen is released as a bi-product.
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Section 3.3 – The light – independent reaction 

The products of the light dependent reaction are ATP and reduced NADP. These products are used to reduce carbon in the LID reaction. 

This stage does not require light, however it does require the products form the light dependent reaction. 

The Calvin cycle

The numbered stages of the Calvin cycle are:

1. Carbon dioxide from the atmosphere diffuses into the leaf through the leaf stomata, in to the cell wall, then into the cytoplasm, and finally into the chloroplast stroma.
2. In the stroma, the carbon dioxide combines with a 5 carbon compound called ribulose biphosphate (RuBP) using an enzyme.

3. The combination of the carbon dioxide and the RuBP produces two new molecules of a 3 carbon compound called glycerate 3-phosphate (GP)

4. ATP and reduced NADP from the light independent reaction are used to activate the 3-phosphate to triose phosphate (TP).

5. The NADP is reformed and returns to the light dependent reaction cycle

6. Some triose phosphate molecules are converted to useful organic substances such as glucose. 

7. Most triose phosphate molecules are used to regenerate ribulose biphosphate using ATP from the light dependent reaction. 
Site of the light-independent reaction

The light independent reaction takes place in the stroma of the chloroplasts.

The chloroplast is adapted to carrying out the light independent reaction in the following ways:
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The fluid from the stroma contains all the necessary enzymes to carry out the light independent reaction. (Reduction of carbon dioxide). 

· The stroma fluid surrounds the grana and so the products of the light dependent reaction I the grana can readily diffuse into the stroma. 

· It contains both DNA and ribosomes so it can quickly and easily manufacture some of the proteins needed for the light- independent reaction. 

Section 3.4 – Factors affecting photosynthesis

Limiting factors
The rate of photosynthesis is always restricted by just one factor. This is called a limiting factor. Changing the levels of other factors will not affect the rate of photosynthesis.
If light is a limiting factor, increasing the temperature for example will not affect the rate of photosynthesis.  

If instead we increase the light intensity, the rate of photosynthesis will increase. However this will not continue indefinitely. Photosynthesis will eventually be limited by a different factor.

Photosynthesis is made up of a series of small reactions. It is the slowest of these reactions that determines the overall rate of photosynthesis. 

The law of limiting factors – At any given moment, the rate of photosynthesis is limited by the factor that is at its least favourable value. 

The effect of light intensity

The rate of photosynthesis can be measured by the volume of O2 given off or CO2 used up in a given time. 

When light is a limiting factor, the rate of photosynthesis is proportional to light intensity.
The compensation point is the point at which O2 used up in respiration is equal to the O2 given off in photosynthesis. There is therefore no net gas exchange. 

The effect of carbon dioxide on the rate of photosynthesis

The optimum CO2 concentration for photosynthesis is 0.1% whereas the CO2 concentration in the atmosphere is 0.04%. 

High CO2 concentrations can effect the enzyme catalysed reactions that combine ribulose biphosphate with CO2. 
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The effect of temperature on the rate of photosynthesis

Between 0 - 25oc the rate of photosynthesis approximately doubles for each 10oc rise in temperature.

Higher temperatures often cause the rate of photosynthesis to decrease since enzymes become denatured. 
Section 4.1 – Glycolysis 

Cellular respiration 
· Conversion of glucose to ATP

· Can occur in two different forms when O2 is present and when O2 is not present. 

· Aerobic respiration – requires O2.

· Products of aerobic respiration – CO2, H2​O and lots of ATP

· Anaerobic respiration - O2 Absent
· Products of Anaerobic respiration – In animals (lactate + small amounts of ATP), In plants (ethanol + CO2 + small amounts of ATP)

Glycolysis 

· Common to both aerobic and anaerobic respiration

· Occurs in the cytoplasm

· Glucose (6 Carbon) is split into pyruvate (3 Carbon)

4Stages of Glycolysis 
1. [image: image19.png]J {7} Teach Evolution and Make it Relevant

lbs.umt.edu/lessons/ causes.htm

PORIaUOIT 118 PITSTIOLy S SIS0 GeT 1T TSI GOy pes (- (1 VaiTator i1 (1 CHaraCier fas o Yoneue Dasis)

Diferential reproductive success can be quantitatively estimated by measuring the average fitness of individuals with different genotypes. Fitriess is made up of two Gomponents: sunvivorship (to reproduction) and fecundity (i.e. number of offspring produced). f
Jtwo genotypes differ in fitness, then natural selection s occurring.

Fitness is not a static character of an organism: fitness depends on the current environment. For exampl, in the industrial melanism example, which color morph is favored depends on the environment. In unpolluted areas, the trees are covered with lichen,
Jand the peppered genotype is favored as it is camoufiaged from birds on these trees. In polluted areas, the lichen dies. and the trees are darker in color, which favors the melanic genotype (which is more camouflaged on these trees)

Natural selection occurs when a biological o emvironmental factor acts as an agent of selection on variation in some trait. In the industrial melanism example. the agent of selection on moth coloration is most likely bird predators. Birds are visually
searching predators, so they select the moths they are able to find. The peppered moths are harder to see on the lichen-covered trees, and are therefore not taken as often as the melanic moths. However, when the peppered moths are on polluted, dark trees,
they are easier to see than the melanics, and are therefore eaten more often. The agent of selection on bill size in the Dawin's finches was the size of the available seeds

[How does natural selection affect the evolution of traits?
[There are three basic ways that natural selection can affect a trai (also called the three modes of selection): directional, stabilizing and disruptive (see Figure 1). Directional selection occurs when one extreme form of the character is favored. This form of
selection is very common in changing emvironments. Industrial melanism is an example of a discretely varying character under directional selection. il size in Danwin's finches is an example of a continuously varying character under directional selection (for
arge bils).

Stabilizing (or balancing) selection occurs when an intermediate form of the character s favored, while extreme forms of the character are selected against. This type of
selection is thought to be common in nature, especially in relatively stable/unchanging enviranments, as it is selection for “maintaining the status quo.” Selection acts against Figuwe 1: Modes of Selection
Jany change in the character. An example of this type of selection on a discretely varying character is sickle cell anemia in humans. This disease is caused by a single gene
that has two alleles (AVS). Indiiduals homozygous for the S allele at this gene have red blood cells that are sickle in shape. SS Indviduals usually die very young. Indiiduals Generation
Inomozygous for the A allele (AA) have normal red biood cells. Indviduals that are heterozygous (AS) have red blood cells that under normal conditions do not sickle. However, 1
they do sickle when they are exposed to low oxygen levels. l
e
[The relative fitnesses of these three genotypes depend on the environment. Individuals that are SS are always selected against. However, in areas of Africa, the S allele is sty 1 1
actually quite common. Why is that? It tums out that indiiduals that are heterozygous (AS) are resistant to malaria, a major killr in these areas. When the malaria parasite
enters the red blood clls, the oxygen levels of the cells decrease, which causes them to sickle. When the red biood cell sickles, it klls the parasite, thus conferring resistance pro v perrrm
o malaria. Therefore, in Affica, where malaria is common, heterozygous indviduals are favored over the two homozygous types: they do not have the full blown disease of
sickle cell anemia (ike SS indviduals), and they are resistant to malaria (which AA individuals are not). Balancing selection at a single gene is also called heterozygous Generation
fadvantage 2 ‘population in gomeation 2
[The third mode of selection is disruptive (or diversifying) selection, which occurs when both extremes are favored over intermediates. This form of selection may be important in
speciation. One example of this type of selection is in beetle species with homed males. Often, within a single population some males have large hors, while other males have | g
no homs at all It turs out that males with large horns guard the tunnels in which female beetles lay their eggs. These guarding males are able to mate with the females, while | sisisa
kecping other males away. Males without homs, on the other hand, dig side tunnels and sneak into the main tunnels. By sneaking into tunnels, they bypass the guarding
males and are able to mate with females. Males with intermediate-sized homs are not as good at guarding tunnels as the males with homs, and they are not as good at e B e
sneaking as the males without homs. In this case. selection favors indiiduals with large-homs and individuals with no homs (the two extremes), while indiiduals with - o _—

’ Directional Stabilizing Distuptive
intermediate-sized homs are selected against (they do not get as many mates). Direction: Stabilizn Disroptiv
finsert photograph of homed beatles)
pdaptations § s socmaagainat

INatural selection is the only mechanism of evolution that produces adaptations. Since the term adaptation has two very diferent uses in biology. it is worth making these
aefinitions explicit. Both have to do with changes caused by an environmental change, but the mechanisms of the two are quite diflerent. Adaptation, as used by physiologists, indicates an individual’s phenotypic adjustment to & changing environment.
Jancther term for this is acclimation. An example of this would be when you travel to  very high altitude, at first your body is not used to the low oxygen environment, but after a few days. your body adjusts its chemistry to the low oxygen environment.
Likewise. if you grow genetic clones of the same plant in two different environments (one very sunny and one very shady) the two clones will each adjust their phenotype during development to their environment. The shade plant will end up having longer
intemodes and broader leaves than the sun plant. Acclimation occurs within the lifetime of a single indvidual

Jadaptation. s used by evolutionary biologists, refers to a trait in a population that has evolved due to natural selection for some function. In other words, an evolutionary adaptation is & population's genetic adjustment to & changing environment. In this case,
the response to the emironment occurs across generations. A few of the countless examples of genetic adaptations include leaves that have been reduced to spines in cacti, moth wings that look like fallen dried leaves, vertebrate eyes, mollusk eyes, and
insects’ compound eyes, the very fast running speed of cheetahs, and even the ability to physiologically adapt (acclimate) to an unpredictable emironment are all genetic adaptations

Lessons about the Causes of Evolution

[There are many available lessons on natural selection and adaptation. Here, | separate them into two categories: simulations of natural selection, and “other” lessons on natural selection and adaptation

[Classroom Simulations of Natural Selection

https//evoled.dbs.umt,edu/lessons/causes,
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Glucose is activated by phosphorylation - Two ATP molecules are used so that two inorganic phosphate molecule can bind onto the glucose molecules making it more reactive, since its activation energy is lowered for the enzyme catalysed stage. 
2. The phosphorylated glucose molecules split into two (3C) trios phosphate molecules.

3. Triosphosphate is oxidised - Hydrogen is removed from each triosphosphate molecules to the hydrogen carrier NAD to make NADH (reduced NAD)

4. Production of ATP – Triosphosphate is converted into Pyruvate (another 3 carbon molecule). As this occurs 2 molecules of ATP are regenerated from ADP and Pi.

​Energy yields from Glycolysis.

The conversion of triose phosphate to pyruvate produces 2 ATP molecules each. (4 in total for the two molecules generated by splitting phosphorylated glucose. However to phosphorylated glucose (stage 1) two molecules of ATP are required, Making the total energy yield 4ATP molecules – 2 ATP molecules = 2 ATP molecules
Section 4.2 – Link reaction + Kreb cycle

The link reaction
· Pyruvate from Glycolysis is actively transported into the matrix of the mitochondria

· Pyruvate undergoes a series of reactions

· Pyruvate is oxidised by removing hydrogen to from NADH, CO2 and a two carbon molecule called an acetyl group. 

· The acetyl group reacts with an enzyme called coenzyme A. (CoA)

· This forms acetyl coenzyme A. (acetyl CoA)
Pyruvate + NAD + CoA ( Acetyl CoA + NADH + CO2
The krebs Cycle
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A series of oxidation and reduction reaction

· Acetyl CoA (2C) reactions with a (4C) molecule to form a (6C) molecule

· The (6C) molecule loses CO2 and Hydrogen to produce one ATP molecule as a result of substrate level phosphorylation.

Coenzymes – Hydrogen carriers 
Coenzymes are molecules that some enzymes require in order to function. (e.g. NAD + dehydrogenase enzymes that catalyse the removal of hydrogen ions from substrate molecules. 
The play a major role in photosynthesis and respiration

The significance of the krebs cycle

· It produces hydrogen atoms (NADH) ( used in the electron transfer chain for oxidative phosphorylation
· Regenerates the (4C) molecule, preventing an accumulation of acetyl CoA
· A source of intermediate compounds used by cells to manufacture important substances such as fatty acids, amino acids and chlorophyll

Section 4.3 – Electron transport chain 
Takes place in the inner membrane of the mitochondria
NADH + FADH2 from the Krebs cycle are needed by the electron transport chain for the production of ATP.
It is the electron associated with the proton that provides the energy to combine ADP with an inorganic phosphate molecule to form ATP.

Stages of the electron transport chain

1. NADH and FADH2 are oxidised, thus releasing a proton and an electron. 

2. The protons are actively transported into the intermembranous space. (between the inner and outer membrane)

3. The electron is taken up by an electron carrier
4. The electron-carrier is therefore reduced. 

5. The electron from the reduced carrier is oxidised again by passing the electron to a new carrier which in turn also becomes reduced. 

6. By passing the electron down a chain of electron carriers through oxidation/reduction reactions the electron loses energy in the process. It is this lost energy that is used to combine ADP with Pi to form ATP

7. Protons accumulate in the intermembranous space and so diffuse back into the cell through special protein channels 

8. At the end of the chain, electrons combine with the proton as well as oxygen to form water.

9. Oxygen is therefore the final accepted of electrons in the electron transport chain.

Cyanide is a non-competitive inhibitor of the enzymes involved in the electron transport chain. 

The enzyme catalyses the addition of electrons to the O2

Cyanide causes an accumulation of H​+ and e- , bringing cellular respiration to a halt
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Section 4.4 – Anaerobic respiration
Since oxygen is the final acceptor of electrons in the electron transport chain, when it is not present, ATP cannot be produced in this way. Instead, ATP is produced anaerobically.

Ones produced in Glycolysis, products such as pyruvate and hydrogen must be constantly removed. 

Furthermore, the hydrogen from NAD must be released so that it can be used again.

In order to do this the pyruvate with react with reduced NAD

In plants and some microorganisms, pyruvate is converted into ethanol and water, whereas in mammals and other organisms it is converted into lactate.

Production of ethanol in plants/some organisms

Occurs in organisms such as yeast and root hair cells for example that are in waterlogged soil
The reaction for the production of ethanol and CO2 is as follows:

Pyruvate (3C) + reduced NAD ( ethanol (2C) + carbon dioxide (1C) + NAD
Production of lactate in animals

 Occurs most commonly when an animal is subject to physically demanding exercises that require large amounts of O2 to release energy from respiration.

However, if oxygen cannot be supplied quickly enough, the cells producing ATP will temporarily respire anaerobically whilst producing lactate as a by-product. 

As with any other form of anaerobic respiration, the reduced NAD must be converted back to NAD for the process to continue, and so it reacts with pyruvate.

The reaction is as follows

Pyruvate (3C) + reduced NAD (lactate (3C) + NAD

Lactate being acidic will cause pain and cramps to be experienced in muscle tissue. 

It must therefore be removed quickly by oxidising it with O2 to release more energy or taken to the liver by the blood to be stored as glycogen.

Section 5.1 – Food chains and food webs 

The ultimate source of energy in an ecosystem comes from sunlight
This energy is converted to an organic form using photosynthesis which is then passed between organisms

Producers – photosynthetic organisms that obtain their energy through the photosynthesis of sunlight

Consumers – Organisms that feed off of other organisms. They do not produce their own food by photosynthesis. Consumers can be primary, secondary, etc depending on which stage of the food chain they are at. For example a secondary consumer consumes primary consumers, but is consumed by tertiary consumers. 

Decomposers – When producers/consumers die, the energy that they contain can be accessed by decomposers that will break down the larger more complex molecules that they are made of into smaller simple components again. The simple components are recycled as they are taken up again by plants. Consumers include, fungi and bacteria and to a lesser extent animals such as detritivores.
Food chains

Describes the feeding relationships between organisms
Each stage of the chain is referred to as being a “trophic level”

Food webs

In reality most animals do not rely upon a single food source. 
Within a single habitat there may be many food chains linked together to form a food web.


Section 5.2 – Energy transfer between trophic levels

Energy losses in food chains

Only 1 - 3% of the energy available to plants is converted into organic matter

This is because:
· Over 90% of the suns energy is reflected back into space by the atmosphere

· Not all wavelengths of light can be absorbed by plants in photosynthesis

· Light may not actually fall of the chlorophyll molecule

· Limiting factors may slow down photosynthesis

The rate at which energy is stored is called “net production”
Net production = gross production – respiratory losses

Only approximately 10% of the energy stored in plants is passed on to primary consumers. 

Secondary and tertiary consumers however are more efficient, transferring approximately 20% of the energy available to them. 

The low amount of energy absorbed at each stage is due to:

· Some of the organism not being eaten

· Some parts can be eaten but not digested

· Some of the energy is lost in excretion 

· Some of the energy is lost via respiration that is used to maintain a high body temperature. This is especially the case in mammals

Because the energy transfer in food chains is inefficient:

Most food chains have only 4/5 trophic levels since there is not enough energy to support a large breeding population at trophic levels higher than these

The total biomass is less at higher trophic levels

The total amount of energy stored is less at each stage of the food chain

Calculating the efficiency of energy transfers

The energy available is usually measured as kjm-2year-1
The formula used to calculate the energy transfer is:

Energy transfer = Energy available after the transfer x 100

                             Energy available before the transfer
Section 5.3 – Ecological pyramids

Food chains/webs are useful in showing the direction of flow of energy in a habitat; however they do not provide any quantitative information.

Pyramids of number
Usually the higher up in trophic levels you go the fewer organisms there are. For example, grass ( rabbit ( foxes
There are however significant drawbacks to this method. These include:

No account is taken for size. For example 1 tree will count the same as one piece of grass. However it is quite obvious that a tree can sustain more life that a blade of grass can.

The number of individuals can be so great it can be almost impossible to count them for example all of the grass in a field.

Pyramids of biomass

This method is more reliable than the last as it does take size into account. 

Biomass is the total mass of plants/animals of species in a given place.

Biomass can be unreliable however as there are various different amount of water than can be stored in an organism.
Dry mass is therefore measured instead. However, to do this, organisms must be killed (
Biomass is measured in gm-2
Both pyramids of biomass and numbers can be unreliable as they do not account for seasonal differences in the amount of organisms present. 

Pyramids of energy

The most accurate representation of energy flow in a food chain

Collecting data can be difficult/complex

Data is usually collected in a given area for a given period of time (e.g. a year)

This is more accurate than using biomass since different organisms may have the same mass but one may have more fat for example than the other and so will have more energy

The energy flow in this type of pyramid is usually measured in kjm-2year-1
Section 5.4 – Agricultural ecosystems
What is an agricultural ecosystem?

Largely made up of animals/plants used to made food for humans

Agriculture tries to ensure that as much of the energy available from the sun is transferred to humans as possible

Increases the productivity of the human food chain

What is productivity?

The rate at which something is produced

The rate at which plants for example assimilated energy from the sun into chemical energy is called the gross productivity and is measured in Kjm-2year-1
Some of the chemical energy that is assimilated by plants is used for respiration, the remainder is called the net productivity. 
Net productivity is expressed as:

Net productivity = gross productivity – respiratory losses

Net productivity is affected by two main things:

1.) The efficiency of the crop carrying out photosynthesis. This can be improved if the limiting factors are reduced.

2.) The area of the ground covered by the leaves of the crop

Comparisons of natural and agricultural ecosystems

Energy input
To maintain an agricultural ecosystem it is important to prevent the climax community from forming by excluding the other species in that community

It takes an extra input to do this seeing as it requires removing pests, diseases, feeding animals and removing weeds.

The energy to do this comes from two sources:

1.) Food – farmers use energy to do work on the farm. The energy for this comes from the food that they eat.
2.) Fossil fuels – Farms have become mechanised and so many different machines are used to plough the crops, transport materials and distribute pesticides. The energy that powers these machines comes from fossil fuels.

Productivity

Productivity in natural ecosystems is relatively low

Energy input in agricultural ecosystems removes limiting factors to improve productivity

Other species are removed to reduce competition for light and other nutrients

Fertiliser is added to the soil to reduce the limiting factor of nitrate concentration on growth.
Section 5.5 – Chemical and biological control of agricultural pests
What are pests and pesticides?

A pest is an organism that competes with humans for food/space

Pesticides are poisonous chemicals that kill pests
Herbicides kill plants, insecticides kill insects, fungicides kill fungi, etc
An effective pesticide should:

· Be specific – only kills the organism it is directed at. Should not kill humans, natural predators of the pest, earthworms, and to pollinators such as bees

· Biodegrade – once applied should break down into harmless molecules. 

· Be cost effective – pesticides can only be used for a limited amount of time until the pest develops resistance

· Not accumulate – does not build up in parts of an organism or food chain

Biological control
Uses other organisms and does not eradicate the pest but simply controls it.

If the pest was reduced to such an extent the predator would starve and therefore die

The surviving pest would be able to then multiply rapidly
Disadvantages of biological control include:

· Acts more slowly, interval of time between introducing the biological control and actually seeing its effect

· The control organism its self may become a pest

Advantages include:

· Pests do not become resistant

· Very specific, and cost effective seeing as the organism can reproduce itself

Integrated pest – control systems
This uses all forms of pest control with the aim is to determine an accepted level of the pest rather than trying to eradicate it which is costly and counterproductive.

· Choosing animal/plant varieties that are as pest resilient as possible

· Managing the environment and ensuring there are nearby habitats for predators

· Regulating the crops so early action can be taken

· Removing the pest mechanically (by hand)

· Using biological agents if necessary

· Using pesticides as a last resort

How controlling pests effectively increases productivity 
Pests compete with the crop for things such as light, and nutrients and so is a limiting factor. In addition to this, some pests may compete with humans by eating the crop.

There is a conflict of interest since farmers have to provide cheap food to earn a living whilst 
Section 5.6 – Intensive rearing of domestic livestock

Intensive rearing and energy conversion

As you move down a food chain, energy is gradually lost to respiratory losses

This is because in mammals, the rate of respiration high since the organism needs to maintain a high body temperature as well as move around to avoid predators and catch prey. This leaves little energy to be converted into biomass. To ensure that farming of animals is efficient, respiratory losses must be decreased. This can be done as follows:

· Movement is restricted so little energy is lost in muscle contraction
· The environment can be kept warm so less energy is required to maintain a high body temperature

· Nutrition is carefully controlled to ensure organisms receive the optimum amount and type of food so that there is maximum growth and little wastage

· Predators are excluded and so there is no loss to other organisms

Other means may also include:

· selectively breeding animals that are more efficient in converting the food they eat into biomass

· Using hormones to increase growth rate

Section 6.1 – The carbon cycle

Nutrients must be recycled or they’d run out
There is usually a fairly simple sequence to a nutrient cycle:

· The nutrient is taken up by the producers as simple inorganic molecules

· The molecule is incorporated into more complex molecules within the producer

· When the producer is eaten, the nutrient passes into consumers

· It then passes through the food chain

· When the organism dies, its more complex molecules are broken down back into simple molecules by saprobiotic organisms.


Variations in the rates of respiration and temperature give rise to brief fluctuations of oxygen and carbon dioxide in the air. 

CO2 concentration has dramatically increased in recent years. This is possible due to:

The combustion of fossil fuels, such as coal, oil and gas which releases previously locked up carbon

Deforestation – released large amount of photosynthesising biomass that can remove CO2 the air.

The sea allows for large amounts of CO2 from the air to dissolve thus lowering the concentration. 

When the reverse is true, the sea will release CO2
Section 6.2 - The greenhouse effect and global warming
When solar radiation reaches the earth, some is reflected back into space, some is absorbed by the atmosphere and some reaches the earth.

The radiation that reaches the earth is absorbed, and reemitted back into space.  However, some of this radiation is absorbed by clouds and greenhouse gases that will reflect the radiation back to earth. This causes a heating effect known as the greenhouse effect

Greenhouse gases

CO2 - Responsible for approx. 50 – 70% of global warming

Remains in the atmosphere for >100 years

Its increase is mainly due to human activity (burning fossil fuels)

Methane - Remains in the atmosphere for ~ 10 years

Produced when microorganisms breakdown the organic molecules of which other organisms are made (decomposers/intestinal dwellers)

Global warming
The mean average temperature increased by 0.6% since 1900

The earth has always shown periodic fluctuation in temperature so we cannot say for certain that human activity is to blame

What we can say however is that the atmospheric levels of carbon dioxide have increased since the start of the industrial revolution and that these seem to be linked with increasing temperature

Consequences of global warming

Affects the niches available in a community, leading to an alteration in the distribution of species

Melting of polar ice caps and therefore increasing sea levels

High temperature may lead to crop fail

Benefits – increased rate of photosynthesis, greater rain fall, possible twice a year harvest
Section 6.3 – The nitrogen cycle

Plants take up nitrates (NO3-) via active transport since they are moving against a concentration gradient. There are four main stages of the nitrogen cycle:
1.) Ammonification

      2.) Nitrification
      3.) Nitrogen fixation

3.) Denitrification 

Ammonification
Production of ammonia from organic ammonium containing compounds

Saprobiotic bacteria feed on the materials releasing ammonia which converts to ammonium in the soil

Nitrification
Nitrification is carried out by saprophytic bacteria in the soil. They convert ammonium ions into nitrite ions (NO2-), and then into nitrate ions (NO3-).
Oxygen is required for nitrification and so oil is kept aerated by farmers to increase productivity

Nitrogen fixation

The process by which nitrogen gas is converted into nitrogen containing compounds

The most common forms of nitrogen fixation is carried out by either free-living bacteria found in the soil, or mutualistic bacteria, found on the nodules of plant roots

Free living bacteria – Reduces gaseous nitrogen into ammonia, which they then use to manufacture amino acids. Nitrogen rich compounds are released when they die

Mutualistic nitrogen-fixing bacteria – The bacteria on the nodules require carbohydrates from the plant and in turn they provide the plant with amino acids

Denitrification
When there is little oxygen present in soil, there are fewer aerobically respiring nitrogen fixing/nitrifying bacteria and more denitrifying anaerobically respiring bacteria. There denitrifying bacteria convert soil nitrates into gaseous nitrogen. 
Section 6.4 – Use of natural and artificial fertilisers
The need for fertilisers 
· All plants need mineral ions, especially nitrogen, from the soil.
· Specific areas of land are often used to grow crops

· When crops are grown, the plants use up the nitrogen containing compounds in the soil to create amino acids and proteins. 

· Normally nitrogen containing compounds are recycled as the plant will die and be broken down by saprophytic bacteria
However, in farming the plants are harvested and are therefore not replaced

· The amount of nitrates in the soil therefore decreases, and acts as a limiting factor on the crop growth

To offset the loss of minerals, fertilisers are used to replace what is lost
Natural – consists of decaying/dead organisms as well as animal waste. (yuck!)

Artificial – minerals obtained from rocks and stuff. Compounds containing the three elements, nitrogen, phosphorous and potassium are almost always present in artificial fertilisers. 

It is important that not too much fertiliser is used as this will no longer increases productivity. This is because the rate of growth may be limited by other factors such as water and light
How fertilisers increase productivity

Nitrogen is need to make proteins and DNA

Where there are more nitrates available, plants are likely to develop earlier, grow quicker and taller and cover a greater area with their leaves. This therefore increases the rate of photosynthesis and also increases productivity. 
Artificial fertilisers have been very beneficial in providing cheaper food. 
Section 6.5 – Environmental consequences of using fertilisers
The effects of nitrogen fertilisers 

Nitrogen containing fertilisers can have detrimental affects such as:
Reduced species diversity – nitrogen favours the growth of rapidly growing species such as grasses, nettles and weeds. Some species grow quickly and out compete the others. 
Leaching – leads to pollution of watercourses

Eutrophication – caused by leaching of fertilisers into watercourses

Leaching
· Rain water can dissolve soluble nitrates and carry them deeper into the soil beyond the reach of plant roots. 
· The nitrates may then be able to find there way to water courses and into water that is used for human consumption. 

· High levels of nitrates in water can cause inefficient transport of oxygen to the brain. 

Eutrophication 
Eutrophication consists of the following sequence of events:

In most lakes, there are very few nitrates and so this is limiting factor on plant/algae growth
Nitrate levels increase due to leaching, there is no longer a limiting factor, and so plants/algae both grow exponentially

Algae grow and cover the upper layers of the water. This is called “algae bloom”.

The algae on the top of the water, absorbs sunlight, preventing it from reaching the bottom of the lake. 

Light becomes a limiting factor for plants/algae at the bottom of the lake and so they die

Saprophytic algae can now grow exponentially feeding on the decaying plant matter

More anaerobic saprophytic bacteria, more oxygen used up and more nitrates produced from decaying organisms.

Oxygen is a limiting factor for aerobic organisms such as fish and so they eventually die. 

Without any aerobically respiring organisms, anaerobically respiring organisms no long have to compete and so they begin to reproduce exponentially. 

Anaerobic organisms further breakdown other dead material thus producing more nitrates as well as some toxic wastes such as, hydrogen sulphide which makes the water putrid. 

Section 7.1 – Populations and Ecosystems

Succession is the term given to describe the changes that take place within an ecosystem
Barren land such as bare rock can be formed by the eruption of a volcano or a glacier retreating. 

The first stage of succession is the colonisation of a pioneer species.

Pioneer species tend to have adaptations such as:

· a tolerance to extreme conditions

· The ability to fix nitrogen from the air

· Ability to photosynthesis light. 

· Can easily disperse seeds across vast distances

· Rapid germination of seeds 

At each stage of succession a certain type of species can be identified which will change the environment making it less hostile.

A climax community consists of animals and plants which have established equilibrium. There are few if any new species replacing those which have already been established. 

Pioneer species change the abiotic environment by dying and releasing nutrients such as nitrates for production of amino acids and proteins for the organisms that follow. 
Mosses are typically the next stage of succession, followed by ferns. 
The growth of mosses and grass provides habitats for insects and animals 

Within a climax community there is often a dominant animal and plants species. 

During succession there are a number of common features such as:

· Environment becomes less hostile – soil forms, nutrients are more plentiful, plants provide shelter from wind

· Greater number of habitats

· Biodiversity increases – Habitats become occupied by species. This is shown in the early stages of succession. At mid succession biodiversity is at its peak. I a climax community however, the dominant species can outcompete many other species and so biodiversity decreases. 

· More complex food webs due to high species diversity and therefore increased biomass - this also takes place at mid succession.  





Section 7.2 – Conservation of habitats

What is conservation?

Conservation is the act of managing the earths resources in such a way to make maximum use of them in the future. 

The main reasons for conservation are:

Ethical – Other species should be allowed to coexist. Respect for living things is preferable to disregard for them.

Economic – Living organisms posses a giant gene pool with a capacity to produce millions of substances

Cultural and aesthetic – They add variety to every day life 
Conserving habitats by managing succession

Climax communities reach their current state by undergoing a series of successive changes. 

Some of the organisms at previous stages are no longer present in the climax community

They may have been out competed by other species, or their habitat is no longer available.

Grazing by sheep can prevent a climax community forming since the seedlings of trees can not germinate

If the factor that is preventing succession taking place is removed, then succession will continue until it reaches its climax community
Section 8.1 – Studying inheritance 

Genotype and phenotype
Genotype is the genetic constitution of an organism that describes all the alleles that an organism contains

The genotype sets the limits to which characteristics can vary

Any change to the genotype is called a mutation. This will be passed on to the next generation if it is present in the gametes

A phenotype is an on observable characteristic of an organism.

A phenotype will vary depending on the genotype and the environmental conditions.

A change to the phenotype is called a modification

Genes and alleles

A gene is a portion of DNA made up of a particular sequence of nucleotide bases that will relate to a certain characteristic

The gene will determine the proteins and compounds produced 

The position of a gene on a chromosome is called its locus

An allele is one of the different forms of a gene

Only one allele of a gene can occur at the locus of any one chromosome

In sexually reproducing organisms, homologous chromosome pairs are found

If both the alleles of a gene are the same, the organisms is said to be homozygous

If both alleles are different, the organisms is heterozygous

The allele of the heterozygote that expresses its self is said to be dominant, while the other that is not expressed when heterozygous is recessive

When there are two alleles that are both either dominant or recessive, the organisms is said to be homozygous dominant or homozygous recessive

When both alleles contribute to the phenotype, they are said to be co-dominant

When there are two or more allelic forms, an organism is said to have multiple alleles for a character

Section 8.2 – Monohybrid inheritance

Representing genetic crosses
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Punnet squares such as this one are used to determine what the genotypes of offspring will like as well as the  probability of producing offspring with certain genotypes.
Inheritance of pod colour in peas

Monohybrid inheritance, is the inheritance of a single gene

Consider pea pods which come in two different colours: green and yellow

When pea pods are bred only with one another until they consistently produce green coloured offspring, they are said to be pure bred. 

The organisms in pure breeding are said to be homozygous

If pure breeding green pods are crossed with pure breeding yellow pods, then all of the offspring are referred to as the “first filial” or “F1” generation. 

F1 generations are always heterozygous

When you breed pure bred organisms with one another you can then deduce which alleles are dominant and which are recessive

For example pure bred yellow pea pods bred with green pea pods will only produce green pea pods. This is means that all of the f1 generation have a yellow allele and a green allele. From this it is clear that the green must be dominant and the yellow recessive

Breeding two F1 generations will produce an F2 generation. In the F2 generation there will most likely be a ratio of 1:2:1 where the first one may be homozygous dominant, the 2 heterozygous and the other 1, homozygous recessive.
Section 8.3 – sex inheritance and sex linkage

Females have XX chromosomes whereas males have XY

Sex inheritance in humans

Males produce both X and Y chromosomes

It is which chromosome that combines with the female gamete that determines the sex of the offspring

Sex linkage – haemophilia

Any gene carried on the X or Y chromosome is said to be sex linked

The X chromosome is much longer than the Y, this means that most of the X chromosome doesn’t have an equivalent portion on the Y chromosome
This means that recessive alleles found on this portion of the X chromosome will be more likely to be expressed; because of this recessive phenotypes are more likely to be present in men.

Haemophilia is for this reason almost entirely only present in men and not women

Males can only obtain the disease from their mother as they do not receive a Y chromosome from the father

Males cannot pass the disease on to their sons but they can to their daughters

Pedigree charts

A useful way to trace the inheritance of sex – linked characters is with a pedigree chart. In these:

A female is represented by a square

A male is represented a circle

Shading within the shape represents the presence of a certain character

A dot within a circle indicated a normal phenotype

Section 8.4 + 8.5 – Co – dominance and multiple alleles + hardy Weinberg

Co – dominance – both alleles are equally dominant

Multiple alleles -  when there are more than 2 alleles, of which only two may be present in the loci of an individual’s homologous chromosomes

Co – dominance 

Both alleles are expressed in the phenotype

The snap dragon plant is a common example of co – dominance. This is shown when you observe how the plant can be of three different colours, red pink and white. If the alleles were not co – dominant only red a white plants would be able to be produced

If a snapdragon with red flowers is cross with a snap dragon with white flowers the offspring will have pink flowers

Crossing two pink flowered snap dragon plants will produce 50% pink flowered snap dragons, 25% white flowered snap dragons and 25% red flowered snap dragons

Multiple alleles

Sometimes a gene can have many different alleles. An example of this is the human ABO blood groups

Although there are three different alleles for the blood groups, only two can be present in an organism at any one time

Multiple alleles and dominance hierarchy

When there are multiple alleles, some are more likely to be more dominant than others. They are they then arranged in a hierarchy according to which alleles they are dominant over.

All the genes of all the people in a population is called the gene pool
The number of times an allele occurs in a population is called the allelic frequency

Hardy Weinberg principle
Mathematical model that is used to calculate allelic frequency

Let A = p and a = q. In a population that has just two alleles, p + q = 1.00 (100%)

As there are only 4 possible combinations of A and a (AA, Aa, aA and aa) then, p2+2pq+q2 = 1.00. This can be used to calculate allelic frequencies provided that:

· No mutations arise
· The population is isolate (no immigration emigration)

· There is no selective breeding

· The population is large

· Mating within the population is random

Section 8.6 – Selection

Not all alleles are equally likely to be passed on since some organisms may have characteristics that improve their chances of survival

Reproductive success and allelic frequency

The difference between the reproductive success of individuals affects the allelic frequency
All organisms produce more offspring than can be supported by the supply of food, light, minerals etc

Despite too many offspring, populations stay the same

This means there is competition between members of the same species to survive

There will be a gene pool within any population

Some individuals will contain certain alleles that allow the to be better able to survive

They are therefore more likely to produce offspring
The alleles that give the best competitive advantage are most likely to be passed on

Over years the number of individuals with the advantageous alleles will increase

What is advantageous depends upon the environmental conditions

Types of selection
Depending on which characteristics are favourable, selection will produce a number of different results.

Selection may favour certain individuals that vary in one direction from the mean

Selection may favour average individuals that have characteristics closer to the mean

Directional selection most often occurs when there has been a change in the environmental conditions

Stabilising selection often takes place where the environmental conditions have remained the same. An example would be where temperature fluctuates throughout the year where organisms at each extreme will most likely survive.

Section 8.7 – Speciation

Speciation is the evolution of a new species from an existing species

Organisms within the same population interbreed with one another and so share the same gene pool
If the population is split, the flow of alleles will not remain the same.

Each population may face different environmental conditions and so different alleles will be favoured, in time the frequency of the alleles in each species may be come so different that they can no longer interbreed and are effectively two different species

Geographical isolation

· Occurs when physical barriers prevent two populations from breeding with one another

· Imagine species X living in a rainforest:

· The individuals of species X form a single gene pool and can freely interbreed

· Climate changes over many years may lead to drier conditions that separate the species in to two different populations

· Further climate changes may cause one region to be colder and wetter whilst the other becomes warmer and drier

· In the first region, phenotypes that allow individuals to be better suited for colder and wetter conditions are favoured

· Whereas the opposite is true for the second region

· The type and frequency of the alleles in the gene pools may differ over time until they become so different that they are now in effect different species. 
· If the species were reunited, they would no longer be able to interbreed
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