Unit 4 Populations and environment


1. Populations and variation in populations
Ecology is the study of how living organisms interact with each other and with the environment

· Interaction means the relationship the organism has with its physical surroundings  and with other organisms both same species and other species

· Environment is the physical (abiotic) conditions e.g. temperature and light and the biological (biotic) conditions under which an organism lives

Ecological terms:

Read pages 4 to 5 and complete the following table defining the following terms used in ecology:

	Ecological term
	Meaning

	Abiotic Factor
	

	Biotic Factor
	

	Population
	

	Community
	

	Ecosystem
	

	Habitat
	

	Niche
	


You must learn these definitions!

Investigating Numbers and Distribution - Sampling techniques

It is impossible to count every single species of a particular species so samples have to be taken – in order to do this samples must be large enough and taken at random

Sample sizes – the larger the size of the sample the more reliable the results. Random samples are selected so as to increase the proportion of the total population sampled.    

The purpose for collecting the samples randomly is to avoid biasing the data.  
Problem – too large a sample may be impossible to study accurately in the time available.

There are three methods:

1  Random sampling with quadrats 
2  Counting along transects to obtain a quantative data – systematic sampling
3  Use of mark-release-recapture techniques for more mobile species

Quadrat frames are often used to sample vegetation or sedentary animals.
What three factors must be considered when using quadrats?

1 _______________________________________________________________

________________________________________________________________

2 _______________________________________________________________

________________________________________________________________

3 _______________________________________________________________

________________________________________________________________

Quadrat frames enclose an area of known dimensions.  .  

1 How to take random samples: (Learn this method)
	
	
	
	
	
	
	
	
	
	
	1 – set out 2 measuring tapes (or pieces of string with knots at 1m intervals) at right angles to each other.  These will form the axes of a grid

2 – choose pairs of random numbers – can use random number tables or the last digits of telephone numbers, or select co-ordinates at random

3 – these random numbers give you the coordinates of the point where you place your quadrat.

Then with the quadrat count the number of organism within the frame or work out the percentage cover within the frame of the organisms being counted.

	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	


In this activity, you will look at how data obtained from random sampling compare with data obtained by an actual count. 

Procedure:

1. Tear a sheet of paper into 20 slips, each approximately 4cm x 4 cm.

2. Number 10 of the slips from 1 to 10 and put them in a small container

3. Label the remaining 10 slips from A through J and put them in a second container.

The grid shown below represents a meadow measuring 10 m on each side. Each grid segment is 1m  x 1m.  Each black circle represents one sunflower plant.
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4  Randomly remove one slip from each container. Write down the number-letter combination and find the grid segment that matches the combination. Count the number of sunflower plants in that grid segment. Record this number on the data table.  Return each slip to its appropriate container.

5. Repeat step 4 until you have data for 10 different grid segments (and the table is filled out). These 10 grid segments represent a sample. Gathering data from a randomly selected sample of a larger area is called sampling.

6. Find the total number of sunflower plants for the 10 segment sample. This is an estimation based on a formula. Add all the grid segment sunflowers together and divide by ten to get an AVERAGE number of sunflower plants per grid segment. Record this number in the table.    Multiple the average number of sunflower plants by 100 (this is the total number of grid segments) to find the total number of plants in the meadow based on your sample. Record this number in your data table

7.  Now count all the sunflower plants actually shown in the meadow.  Record this number in the data table.  Divide this figure by 100 to calculate the average number of sunflower plants per each grid.     
            

	Random Sampling Data

	Grid Segment (number-letter)
	Number of Sunflowers
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	Total Number of Sunflowers 

	Average per grid (divide total by 10)



	Total number of plants in meadow  (multiply average by 100)


	Actual Data

	Total number of Sunflowers ______               (count by hand) 

Average number of Sunflowers (divide total by 10)               Per grid _____




Analysis:

1. Compare the total number you got for sunflowers from the SAMPLING to the ACTUAL count.  How close are they? 

  

2. Why was the paper-slip method used to select the grid segments?
2  Systematic sampling using transects

A transect is a line through an area to be studied.  Samples can be taken at regular intervals along the transect using a quadrat a transect sample is usually taken in an area where there is a gradual change in the environment e.g. along seashore.

Random sampling and systematic sampling are used to obtain measures of abundance.  What is abundance?

________________________________________________________________________________________________________________________________________
There are a number of ways that the abundance of the species can be measured – these include frequency and percentage cover.  

What do these two terms mean?

________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

Practical:   Sampling Techniques   Estimating the population of dandelions
(complete in the area outside the music building)
· Set out a 10m x 10m tape measure over the selected area

· Select 10 co-ordinates at random

· Place the 0.5m x 0.5m quadrat in the appropriate square (co-ordinate)

· Area = _______________m2

· On the table record species frequency – are dandelions in the quadrat area – Yes/No

· If yes, count the number of dandelion plants in the square

· Record results and repeat with remaining random samples

· Also estimate and record the % cover by dandelions in each square

· Once all results are collected calculate for each co-ordinate the average number of dandelions per m2 
· Calculate the average number of dandelions per m2

	Co-ordinate
	Species Frequency
	Number of dandelions in quadrat
	Number of dandelions per m2
	% cover Dandelions in quadrat

	1.
	
	
	
	

	2.
	
	
	
	

	3.
	
	
	
	

	4.
	
	
	
	

	5.
	
	
	
	

	6.
	
	
	
	

	7.
	
	
	
	

	8.
	
	
	
	

	9.
	
	
	
	

	10.
	
	
	
	


Average number of Dandelions per m2 =

How do your results compare with the rest of the class?

______________________________________________________________
If you average all the class results what is the average number of dandelions and is it similar to your result? 
  Q. In a forest that measures 5 miles by 5 miles, a sample was taken to count the number of silver maple trees in the forest. The number of trees counted in the grid is shown below. The grids where the survey was taken were chosen randomly. Determine how many silver maple trees are in this forest using the random sampling technique. Show your work!

	 
	7
	 
	 
	 

	 
	 
	 
	 
	3

	 
	 
	 
	5
	 

	11
	 
	9
	 
	 

	 
	 
	 
	 
	 


3  Mark- Release – recapture technique

Quadrat samples are used for organisms that are stationary.  The mark-release-recapture technique allows you to estimate the number of active animals in an area.  

To do this:

· Capture and count a number of animals from a population

· Mark these animals in a way that allows them to be identified again

· Release the marked animals and allow enough time for them to mix with the population again

· Then take a second sample – count the number you have collected and the number of them that are marked

You can then calculate an estimate of the size of the population by

	Estimated number of animals in population          =
	Number of marked animals released x total number of animals in 2nd 
             In first sample                                             sample                                      

	
	                              Number of marked animals in second sample


What assumptions are made in this method?

________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

Estimating a population size

In order to estimate the population of woodlice living in an area of woodland, four pitfall traps were set in the ground at 2 metre intervals and left for 24hours

All the woodlice that had fallen into the traps were marked on their underside with quick-drying paint and released back into their habitat.  The next day the traps were examined again and the numbers of marked and unmarked woodlice were counted.  The results are shown in the table.

	
	Trap Number

	
	1
	2
	3
	4

	Number of woodlice marked and released
	4
	32
	5
	14

	Number of marked woodlice in 2nd catch
	0
	6
	1
	3

	Number of unmarked woodlice in 2nd catch
	5
	20
	2
	13


1) Use the data to estimate the woodlouse population in this area.  Show your working out

Population = ____________________                                      (2 marks)

2) Suggest two reasons why it is not possible to make a reliable estimate of the woodlouse population size from these data

1…………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………
2………………………………………………………………………………………………………………………………………………………………………………………………………...………………………………………………………………………………
(2 marks)
Complete Application and How science works  Page 9 and summary questions
Using statistics

Last year you learnt about standard deviation and how to calculate it.  (Booklet 1 Module 2)

What is standard deviation?

________________________________________________________________________________________________________________________________________________________________________________________________

What is the equation to calculate standard deviation
Standard Deviation and Standard Error
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Before doing any analysis of results a Null Hypothesis must be set up.

 The null hypothesis is a term that statisticians often use to indicate the statistical hypothesis tested. 

The purpose of most statistical tests, is to determine if the obtained results provide a reason to reject the hypothesis that they are merely a product of chance factors 

A Null Hypothesis assumes that there is no significant difference between the samples, any difference is due to chance
If the statistics calculate at a figure greater than expected then the null hypothesis is rejected.

The standard deviation and mean tells us the central value of the distribution and how spread out the individual measurement are from the central value – 95% of the data lies within the standard deviation above or below the mean

The standard error is the standard deviation of the mean. 
· Standard error measures how much the value of a sample mean is likely to vary 

· The greater the standard error, the greater the variation of the mean 

· Standard error is used to define confidence limits – to help you be 95% confident that the mean of  the population falls into the range +1.96 SE

· Standard error, SE is calculated using the following equation

	SE = 
	S

	
	√n


S = standard deviation   n = number in sample

The standard error is used to define the confidence limits – you would be 95% confident that the mean of the population fell within the range.

 The 95% confidence limits are 1.96 standard errors above the mean and 1.96 standard errors below the mean.
To calculate confidence limits = 1.96x SE

To calculate the confidence limits = mean value + or – the confidence limit

If the 95% confidence limits do not overlap there is a 95% chance that the two means are different.

In other words there is a significant difference between the means at the 5% level of probability
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When a graph is drawn, showing the mean values with the confidence limits the Null Hypothesis can then be accepted or rejected.
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– If there is no overlap between the bars we reject the null hypothesis and say there is a significant difference in the investigation

If there is overlap between the bars Null Hypothesis is accepted and there is no significant difference in the investigation

Bringing it all together  Weighing Broad Beans

Two students weighed samples of broad bean seeds

One student obtained the data shown as Sample A and the other student obtained data shown as Sample B.

This data will be used to investigate variation by measuring mean, mode, median, standard deviation and standard error for the different examples

	Sample A (g)
	
	Sample B (g)

	1.42
	
	1.36

	1.42
	
	1.37

	1.43
	
	1.40

	1.44
	
	1.43

	1.44
	
	1.44

	1.44
	
	1.44

	1.44
	
	1.47

	1.45
	
	1.48

	1.46
	
	1.49

	1.46
	
	2.01


Calculate the Mean value for Sample A and Sample B.

What is the median of Sample A and Sample B

What is the mode value of Sample A and Sample B

State a Null Hypothesis for this investigation

_____________________________________________________________________________________________________________________________________________________________________________________________________________________

Samples A and B show similar values for the mean but a close examination of the values reveals that the values are more spread out in Sample B

Sample B displays a greater degree of spread than Sample A and calculating the standard deviation provides a way of measuring the degree of spread within a sample

· The Standard Deviation (s) of a set of values is a measure of the spread of the values from the mean

· The standard error of the mean provides an estimate of the likelihood that a sample mean is close to the true mean of a whole population The standard error is calculated using a formula that takes into account the standard deviation of the sample (s) and the sample size (n)
The formula shows that the larger the sample size, the smaller the standard error of the mean
· Calculate the standard deviation and standard error of the broad beans in samples A and B  ( do calculations on a separate sheet)

	
	
	

	Number of Samples
	
	

	Mean
	
	

	Standard Deviation (SD)
	
	

	Standard Error (S)
	
	

	Confidence Limits:
	Above Mean
	
	

	
	Below Mean
	
	


· Draw a graph showing the confidence limits above and below the mean values for samples A and B

· Is the Null Hypothesis accepted or rejected?

A biologist investigated the effect of the distance apart that parsnip seeds were planted on the number of seeds that germinated.  Sets of 20 parsnip seeds were grown in trays.  The seeds were set either touching each other or placed 2cm apart.  The numbers of seeds in each set that had germinated after 10 days were recorded and displayed on a table of results.
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1 Set up a null hypothesis for the investigation

For each set of experiment calculate:

	
	Seeds touching
	Seeds placed 2cm apart

	Number of Samples
	
	

	Mean
	
	

	Standard Deviation (SD)
	
	

	Standard Error (S)
	
	

	Confidence Limits:
	Above Mean
	
	

	
	Below Mean
	
	


Show all calculations on separate page


Draw a graph and state the findings

Was Null Hypothesis accepted or rejected?  How does your graph help you arrive at this answer? 

Variation in population size
There are three phases in the growth pattern of a population

Copy Fig 2 Page 10 and make notes on the three phases

_____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

The size of a population may be affected by limiting factors – these may be due to 

The effect of an abiotic factor
Or biotic factors such as competition and predation

1.  Abiotic factors
Make notes on the abiotic factors what can affect the size of a population

1. Temperature ________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
2   Light 

____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
3.  pH

____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
4. Water and humidity

____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

Do Q 1 & 2 Page 12

2  Biotic factors  - 
a)  Competition

When there are two or more individuals that share the same resource e.g. food, light etc then competition will arise between the individuals.  

Intraspecific competition is between members of the same species
Interspecific competition is between members of different species
Read Page 13 and 14 – make any additional notes
Answer questions on Application and how science works (page 14 – 16)

b) Predation
A predator is an organism that feeds on other organisms – its prey. 

Human Populations

The human population numbers have increased exponentially in the last 50 years and is set to continue.  This has been due to two things:

The development of agriculture 

The development of manufacturing and trade

What factors affect the growth and size of human populations

The size of human populations are affected by

Birth rate

Death rate

Migration – immigration and emigration

So

Population growth = (births + immigration) – (death + emigration)

And 

% population growth rate = population change during the period

in a certain period
        population at the start of the period of time
x 100
What factors will affect birth rate?

1 _____________________________________________________________________

_______________________________________________________________________

2 _____________________________________________________________________

_______________________________________________________________________3 _____________________________________________________________________

_______________________________________________________________________4 _____________________________________________________________________

_______________________________________________________________________5 _____________________________________________________________________

_______________________________________________________________________
To calculate birth rate = 
What factors affect death rate?

1 _____________________________________________________________________

_______________________________________________________________________2 _____________________________________________________________________

_______________________________________________________________________3 _____________________________________________________________________

_______________________________________________________________________4 _____________________________________________________________________

_______________________________________________________________________5 _____________________________________________________________________

_______________________________________________________________________6 _____________________________________________________________________

_______________________________________________________________________7 _____________________________________________________________________

_______________________________________________________________________
To calculate death rate = 
Do Q 2 page 23

What is meant by demographic transition?

______________________________________________________________________________________________________________________________________________
The demographic transition model is a graph that shows the changes in birth rate, death rate and total population for a long period of time.


[image: image24]
Stage 1 – Birth and death rate high.  Population low.   
Why is the birth rate and death rate high?
_____________________________________________________________________________________________________________________________________________________________________________________________________________________
Stage 2  Death rate falls, birth rate stays high. Population increases rapidly   Why?

_____________________________________________________________________________________________________________________________________________________________________________________________________________________
Stage 3  Describe the trend _______________________________________________________________________

Explain the trends shown

_____________________________________________________________________________________________________________________________________________________________________________________________________________________
Stage 4  Describe the trend _______________________________________________________________________

Explain the trends shown

_____________________________________________________________________________________________________________________________________________________________________________________________________________________ Stage 5  Describe the trend _______________________________________________________________________

Explain the trends shown

_____________________________________________________________________________________________________________________________________________________________________________________________________________________
Age population pyramids give information about the % males and females in a population.  The have three general shapes –
Stable population where birth rate = death rate and population size stays stable
Increasing population – where birth rate is great so more young people and less older people e.g. less developed countries

Decreasing population – where low birth rate and mortality rate is low so more older people – e.g. developed countries


_______________________   

_________________
__________________

Q 1 and 2 Application Page 22 &23

Survival rates and life expectancy

A survival curve plots the number of people alive as a function of time.  

The average life expectancy is the age at which 50% of the population are still alive and can be calculated from the survival curves.
Q 3 Page 23

Succession  Page 104
Ecosystems change over time – these changes are known are ecological succession.  

An area of bare ground will not stay barren for long – weeds will usually invade followed by grasses and tall herbs.  After a long period of time the area would turn into woodland – this gradual change is called succession.  Each stage, or sere of succession results in the conditions becoming less hostile and in turn the diversity increases.  

Succession usually begins with a fairly simple community known as a pioneer community. The pioneer community and each successive community alters the environment in such a way to permit new communities to occupy the environment. These alterations of the environment include changes in the microclimate and soil conditions of the site. 

A climax community is the result of a long period of plant succession. Climax communities usually exhibit a good deal of species diversity and thus are relatively stable systems.

For Example – succession from rocky ground to woodland
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Pioneer Species are the first organisms to reoccupy an area which has been disturbed by a disruption.   Typical pioneers in a succession include grasses in a ploughed field or lichens on rocks.  
Because the initial habitat is harsher fewer species are present and the diversity is lower.  It is generally the abiotic factors which determine the species present 

These pioneer organisms modify their environment, ultimately creating conditions which are less favourable for themselves, but establishing conditions under which more advanced organisms can live.   

As the pioneer plant becomes established tiny cracks form in the rocks and these trap organic material and debris – this provides a soil basis for other plants.  

Mosses next colonise the area arriving by wind blown spores.  They establish and trap water.  They out compete the pioneer species and as they develop their own dead remains build up the organic material in the soil.  

Shallow rooted grasses and herbs then establish themselves as the soil conditions are improving

As the soil build up then deep rooted shrubs appear – over a long period of time tress e.g. oak and beech grow so reaching a climax community.  

As succession proceeds the changes in the environment:

· Soil develops – increasing in depth and organic content

· Height and biomass of vegetation increases

· Primary production increases with soil development

· Species diversity increases from simple communities of early succession to richer communities of late succession

· In the early stages of a succession population rapidly replace one another. The climax community is stable and dominated by long lived plants

There are two types of succession Primary succession and Secondary succession

What are these?  Read page 105 and copy Fig 3)
· Primary succession ___________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

Secondary succession ___________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
Complete questions 1 to 4 page 107
Conservation of habitats

What is conservation?

_____________________________________________________________________________________________________________________________________________________________________________________________________________________
What are the main reasons for conservation?

__________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________Read Page 108 -110 and complete questions

Complete exam style questions page 111

Questions
(a) Explain the meaning of these ecological terms.

Population ...............................................................................................................................................
…………….............................................................................................................................
Community ...............................................................................................................................................
...............................................................................................................................................
(2 marks)

(b) Some students used the mark-release-recapture technique to estimate the size of a population of woodlice. They collected 77 woodlice and marked them before releasing them back into the same area. Later they collected 96 woodlice, 11 of which were marked.

(i) Give two conditions necessary for results from mark-release-recapture investigations to be valid.

1.............................................................................................................................................
...............................................................................................................................................
2.............................................................................................................................................
............................................................................................................................................
(2)
(ii) Calculate the number of woodlice in the area under investigation. Show your working.
Answer ......................................................  (2 marks)
(c) Explain how you would use a quadrat to estimate the number of dandelion plants in a field measuring 100 m by 150m.

…………................................................................................................................................
...............................................................................................................................................
...............................................................................................................................................
...............................................................................................................................................
..........................................................................................................................................(3)
(d) Two similar species of birds (species A and species B) feed on slightly different sized insects and have slightly different temperature preferences. The diagram represents the response of each species to these factors.


(i) Which of the numbered boxes describes conditions which represent

the niche of species A; .................

the niche of species B; .................

insects too small for species B and temperature too warm for species A; .................

insects too large for species A and temperature too cool for species B? .................

(2 marks)Mod 5 0105

2  Biologists studied the process of succession in an area of wasteland over a period of ten years. They calculated the index of diversity of the area every year. After three years, the index of diversity was 1.6. After ten years, it had risen to 4.3.

(a) What information concerning the organisms present in the area is suggested by the increase in the index of diversity?

...............................................................................................................................................

..............................................................................................................................................................................................................................................................................................
..........................................................................................................................................(2)

(b) The increase in the index of diversity is one indication that a biological succession is taking place in the area. Describe those features of a succession that would bring about an increase in the index of diversity.

...............................................................................................................................................
...............................................................................................................................................
..........................................................................................................................................(3)Mod 5 0106

The table shows the population in different age groups in the UK in 1971 and in 2004.

[image: image26.png]Population/millions

Age group/years | 1971 2004
0-15 14.0 114
16-64 34.7 389
Over 65 73 9.6
Total 56.0 59.9





(a) Calculate the percentage increase in the 16 – 64 age group from 1971 to 2004. Show

your working.

Answer ...................................... (2 marks)

(b) For each age group, suggest one factor that could account for the change shown in the

table. Give a different explanation in each case.

0 – 15 years ..........................................................................................................................................
..............................................................................................................................................................
16 – 64 years ........................................................................................................................................
..............................................................................................................................................................
over 65 years .......................................................................................................................................
.............................................................................................................................................................
(3 marks \unit 8b Jun07
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