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Between 2009 and 2010, a scientist from the University of Nottingham conducted a laboratory experiment to investigate the effect of nitrogen deposition on the growth of common heather (Calluna vulgaris).  He collected 10 soil samples from each of 26 heathland sites across the UK with varying levels of nitrogen deposition.  He also collected heather seeds from an individual heather plant.  He used the soil samples to germinate and grow the heather seeds under controlled laboratory conditions.  The seedlings were grown in the soil samples for 6 to 7 months.  The seedlings were then removed from the soil, dried and weighed.  The dry-mass of each heather seedling is used as a measure of its growth rate.  An average heather dry mass was calculated for each of the 26 sites.  
Table 1 on the following page shows the results he collected. 
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Table 1: A table showing the average amount of nitrogen deposited per year at 26 different sites and the average dry mass of heather grown in soil samples taken from each site. 
	Column 1
	Column 2
	Column 3
	Column 4
	Column 5
	Column 6
	Column 7

	Site 
	Mean nitrogen deposition (Kg N ha-1 year-1 )
	Mean dry mass of heather (mg) 
	Nitrogen deposition (rank)
	Dry mass of heather (rank)
	Difference between ranks (d)
	d2

	a
	2
	4.3
	
	
	
	

	b
	2.4
	1.0
	
	
	
	

	c
	4.4
	12.8
	
	
	
	

	d
	4.9
	1.5
	
	
	
	

	e
	5.5
	5.1
	
	
	
	

	f
	5.8
	3.0
	
	
	
	

	g
	6.1
	32.4
	
	
	
	

	h
	6.4
	2.9
	
	
	
	

	i
	6.7
	3.6
	
	
	
	

	j
	6.7
	30.5
	
	
	
	

	k
	6.9
	6.3
	
	
	
	

	l
	7.2
	23.8
	
	
	
	

	m
	7.5
	3.9
	
	
	
	

	n
	8.1
	18.7
	
	
	
	

	o
	8.4
	39.9
	
	
	
	

	p
	8.8
	29.2
	
	
	
	

	q
	9.1
	12.4
	
	
	
	

	r
	9.1
	84.2
	
	
	
	

	s
	9.8
	21.1
	
	
	
	

	t
	9.9
	5.4
	
	
	
	

	u
	9.9
	17.0
	
	
	
	

	v
	9.9
	4.3
	
	
	
	

	w
	10.8
	9.7
	
	
	
	

	x
	11
	40.0
	
	
	
	

	y
	11.4
	39.2
	
	
	
	

	z
	12.1
	3.9
	
	
	
	


	A1)
	Plot a scatter graph to show the effect of nitrogen deposition on the average dry mass of heather.  Either use graphical software (such as Excel) or use the graph paper provided on page 5.  Make sure you give your graph a title and clearly label both axes.  If drawing the graph in Excel, add a best-fit line through the data (hint: right-click on a data point and choose ‘add trendline’).


	A2)
	Complete columns 4 – 7 in Table 1.  Columns 4 and 5 ask you to rank the nitrogen deposition and heather dry mass data.   Rank the data from the highest to the lowest.  For example, site z has the highest value for nitrogen deposition at 12.1 Kg N ha-1 so this site would receive a rank of 1.  Site a has the lowest value for nitrogen deposition so this would receive a rank of 26.  If two or more sites have the same value (‘tied ranks’) then each site should receive an average rank.  For example, sites v, u and t have a nitrogen deposition value of 9.9 Kg N ha-1.  These sites are in the position of ranks 5, 6 and 7, so each receives the average rank of 6 i.e., (5+6+7)/3 = 6.  

	A3)
	Use the formula shown below to calculate the Spearman’s Rank Correlation Coefficient (R) of the relationship between nitrogen deposition and average heather dry mass.  Write the Spearman’s Rank Correlation Coefficient (R) in the space provided below.  Please show your working.
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where n is the number of sites at which measurements were taken, d is the difference between ranks, and Σ means ‘the sum of’.
R = ………………………
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	A4)
	Using the value of R obtained in question A3 and the table shown below, state whether the relationship between nitrogen and the dry mass of heather is statistically significant at the 5% significance level. 

	………………………………………………………………………………………………………………………

	………………………………………………………………………………………………………………………


Table 2: Critical values for Spearman’s rank correlation coefficient.  For sample size n, the two-sided critical values are given for 10%, 5% and 1% significance levels.  Reject the null hypothesis if the absolute value of the sample Spearman correlation coefficient (R) exceeds the value in the table.   

	
	Two-sided p

	n
	0.10
	0.05
	0.01

	10
	0.564
	0.648
	0.794

	11
	0.536
	0.618
	0.818

	12
	0.497
	0.591
	0.780

	13
	0.475
	0.566
	0.745

	14
	0.457
	0.545
	0.716

	15
	0.441
	0.525
	0.689

	16
	0.425
	0.507
	0.666

	17
	0.412
	0.490
	0.645

	18
	0.399
	0.476
	0.625

	19
	0.388
	0.462
	0.608

	20
	0.377
	0.450
	0.591

	21
	0.368
	0.438
	0.576

	22
	0.359
	0.428
	0.562

	23
	0.351
	0.418
	0.549

	24
	0.343
	0.409
	0.537

	25
	0.336
	0.400
	0.526

	26
	0.329
	0.392
	0.515

	27
	0.323
	0.385
	0.505

	28
	0.317
	0.377
	0.496

	29
	0.311
	0.370
	0.487

	30
	0.305
	0.364
	0.478

	A5)
	Using your results for questions A1 – A4 describe the relationship between nitrogen deposition and the dry mass of heather. 

	………………………………………………………………………………………………………………………

	………………………………………………………………………………………………………………………

	………………………………………………………………………………………………………………………

	………………………………………………………………………………………………………………………

	………………………………………………………………………………………………………………………

	………………………………………………………………………………………………………………………

	………………………………………………………………………………………………………………………

	A6)
	Suggest reasons why the growth rate of heather under different nitrogen deposition regimes may differ when investigated under controlled laboratory conditions and when investigated in the field.  

	………………………………………………………………………………………………………………………

	………………………………………………………………………………………………………………………

	………………………………………………………………………………………………………………………

	………………………………………………………………………………………………………………………

	………………………………………………………………………………………………………………………

	………………………………………………………………………………………………………………………

	………………………………………………………………………………………………………………………

	………………………………………………………………………………………………………………………
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	B1)
	We will look at samples of vegetation from two sites – one with high and one with low nitrogen deposition levels (8.4 and 2.4 Kg N ha-1 year-1 respectively) – to see if there is any difference in the vegetation cover.  The accompanying PowerPoint presentation and Word document contain photographs of quadrats of vegetation in Site 1 and Site 2.  Use the photographs to estimate the percentage cover of heather and bracken.  Note – you do not need to distinguish between the three different species of heather.  
Write the percentage cover values for each quadrat in Table 3, shown below.


Table 3: Percentage cover of heather and bracken in 10 quadrats from Site 1 and Site 2.
	
	Site 1 – Low nitrogen deposition
	Site 2 – High nitrogen deposition

	Quadrat number
	Heather 

(% cover)
	Bracken 

(% cover)
	Heather 

(% cover)
	Bracken 

(% cover)

	1
	
	
	
	

	2
	
	
	
	

	3
	
	
	
	

	4
	
	
	
	

	5
	
	
	
	

	6
	
	
	
	

	7
	
	
	
	

	8
	
	
	
	

	9
	
	
	
	

	10
	
	
	
	


	B2)
	Using the data collected in Table 3, calculate the mean percentage cover of bracken and heather for each of the two sites (Site 1 and Site 2).  
Write your answers in the spaces below.  

	
	Site 1


	Site 2



	
	Heather

…………………
	Bracken
……………………
	Heather

………………………
	Bracken

……………………

	B3)
	Using the data generated in B2 plot a bar graph showing the mean percentage cover of heather and Bracken on each site.  Either use graphical software (such as Excel) or use the graph paper below.  Make sure you give your graph a title and clearly label both axes.

	
	[image: image3.emf]


	B4)
	Using the results of questions B1 – B3, discuss whether the data you collected support or do not support the null hypothesis that:

H0 = Nitrogen deposition does not affect the abundance of heather and bracken.  


	
	…………………………………………………………………………………………………………………………………………….

	
	…………………………………………………………………………………………………………………………………………….

	
	…………………………………………………………………………………………………………………………………………….

	
	…………………………………………………………………………………………………………………………………………….
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	C1)
	Diversity is important for healthy ecosystems.  We will calculate the plant diversity at two sites – one with high and one with low nitrogen deposition levels – to see if there is any difference in plant diversity.  Use the data in Table 4 (see following page) to calculate the species diversity index (D) for site 1 and site 2.  Show your working.
Note – the data used for this question is expressed as percentage cover not number of individuals, as is usually used for the calculation of Simpson’s Index of Diversity (D).  This is quite common in studies of plants where counting the number of individual plants can be difficult.  The data can still be used to calculate the diversity index by using the percentage cover of each species for the value of n, and using the total percentage cover for the value of N.

Ask you teacher which formula for D to use (shown below).
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	Where 
N = total number of organisms of all species (i.e., total % vegetation cover)

n = total number of organisms (i.e., percentage cover) of a particular species

Σ = the sum of

	
	
	

	
	Site 1

D = …………………………………………..
	Site 2

D = …………………………………………..


Table 4: A table showing the percentage cover of different plant species in one quadrat at site 1 and one quadrat at site 2.  
	Species name

(scientific)
	Species name 
(common)
	Species group
	Percentage cover

	
	
	
	Site 1
	Site 2

	Calluna vulgaris
	Common heather
	Woody shrub
	80
	20

	Betula pendula
	Silver birch
	Tree
	0
	2

	Ulex europaeus
	Common gorse
	Woody shrub
	0
	2

	Pteridium aquilinum
	Bracken
	Fern
	0
	18

	Vaccinium myrtillus
	Bilberry
	Woody shrub
	4
	0

	Rubus fruticosus agg.
	Bramble (Blackberry)
	Woody shrub
	0
	8

	Erica tetralix
	Cross-leaved heath
	Woody shrub
	2
	0

	Deschampsia flexuosa
	Wavy-hair grass
	Grass
	4
	30

	Agrostis canina
	Velvet bent grass
	Grass
	0
	10

	Holcus lanatus
	Common velvet grass
	Grass
	0
	4

	Hylocominum splendens
	Glittering wood-moss
	Moss
	6
	0

	Cladonia portentosa
	Reindeer lichen
	Lichen
	2
	0

	Cladonia uncialis
	Thorn cladonia
	Lichen
	2
	0

	Total vegetation cover (%)
	-
	-
	100
	94

	Species richness
	
	
	7
	8


	C2)
	Compare the plant species composition of Site 1 and Site 2, making sure you discuss the following:

· The abundance of heather species, bracken and trees

· The abundance of species within different “species groups”

	
	…………………………………………………………………………………………………………………………………………….

	
	…………………………………………………………………………………………………………………………………………….

	
	…………………………………………………………………………………………………………………………………………….

	
	…………………………………………………………………………………………………………………………………………….

	
	…………………………………………………………………………………………………………………………………………….

	
	…………………………………………………………………………………………………………………………………………….

	
	…………………………………………………………………………………………………………………………………………….

	
	…………………………………………………………………………………………………………………………………………….

	
	…………………………………………………………………………………………………………………………………………….

	
	…………………………………………………………………………………………………………………………………………….

	
	…………………………………………………………………………………………………………………………………………….

	
	…………………………………………………………………………………………………………………………………………….

	
	…………………………………………………………………………………………………………………………………………….

	
	…………………………………………………………………………………………………………………………………………….

	
	…………………………………………………………………………………………………………………………………………….

	
	…………………………………………………………………………………………………………………………………………….

	
	

	C3)
	Using the results to questions C1 – C2, discuss whether the data you collected support or do not support the null hypothesis that:

H0 = Nitrogen deposition does not affect the diversity and species composition of lowland heathland vegetation. 


	
	…………………………………………………………………………………………………………………………………………….

	
	…………………………………………………………………………………………………………………………………………….

	
	…………………………………………………………………………………………………………………………………………….

	
	…………………………………………………………………………………………………………………………………………….

	
	…………………………………………………………………………………………………………………………………………….

	
	…………………………………………………………………………………………………………………………………………….

	
	…………………………………………………………………………………………………………………………………………….

	
	…………………………………………………………………………………………………………………………………………….

	
	…………………………………………………………………………………………………………………………………………….

	
	………………………………………………………………………………………………………………………………………

	
	………………………………………………………………………………………………………………………………………

	
	………………………………………………………………………………………………………………………………………
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Activity A: The effect of nitrogen deposition on heather growth/dry mass





Activity B: The effect of nitrogen deposition on the percentage cover of heather and bracken





Activity C: The effect of nitrogen deposition on the plant diversity and species composition of lowland heathland








Nottingham University Scientist preparing soil samples for germination of heather seeds
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