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[bookmark: _Toc166859355]Introduction
This statistics portfolio is an exploration into the methodologies and applications of various statistical techniques. Within this portfolio, four key statistical methods are used: Chi-squared tests, Pearson's rank correlation, linear regression, and two-way ANOVA. Each method offers unique insights into data relationships, providing tools for understanding and interpreting complex datasets.
[bookmark: _Toc166859356]Question 1 – Seabass and Dab Distribution in the Severn Estuary
[bookmark: _Toc166859357]Chi-Squared 
The Chi-squared test is a statistical method used to analyse categorical data and determine whether observed frequencies significantly differ from expected frequencies. It is particularly useful for investigating relationships between categorical variables and assessing the independence or association between them (Turney, 2022).
[bookmark: _Toc166859358]Chi-square Test for Single Species
Null Hypothesis (H₀): The distribution of seabass is uniform across the 10 years. 
Alternative Hypothesis (H₁): The distribution of seabass is not uniform across the 10 years.



	Year
	Observed (O)
	Expected (E)
	

	1987
	14
	62.9
	37.55

	1988
	11
	62.9
	43.14

	1989
	193
	62.9
	266.64

	1990
	146
	62.9
	102.18

	1991
	37
	62.9
	10.06

	1992
	48
	62.9
	3.55

	1993
	23
	62.9
	25.20

	1994
	25
	62.9
	23.19

	1995
	86
	62.9
	8.84

	1996
	46
	62.9
	4.57



[image: \begin{equation*} X^2=\sum{\frac{(O-E)^2}{E}} \end{equation*}]
[bookmark: _Toc166850879]Figure 1Chi-Squared equation (Turney, 2022)
Putting the numbers into the chi-squared calculation gives an output of 525.92. 
Df = Number of years−1
9 = 10 - 1 
The chi-square test for the distribution of seabass gave a chi-square statistic of 525.92 with 9 degrees of freedom, resulting in a p-value much less than 0.00001. This strongly suggests that the distribution of seabass is not uniform across the 10 years so the null hypothesis is rejected. Several factors could contribute to these fluctuations for example environmental changes such as sea temperature rises or human activities such as overfishing. (Pawson et al., 2007).

[bookmark: _Toc166859359]Chi-squared test for Common Dab Distribution
Null Hypothesis (H₀): The distribution of common dab is uniform across the 10 years. 
Alternative Hypothesis (H₁): The distribution of common dab is not uniform across the 10 years.



	Year
	Observed (O)
	Expected (E)
	

	1987
	94
	61.6
	16.94

	1988
	39
	61.6
	8.07

	1989
	85
	61.6
	8.76

	1990
	14
	61.6
	36.34

	1991
	75
	61.6
	3.06

	1992
	72
	61.6
	1.76

	1993
	40
	61.6
	7.55

	1994
	58
	61.6
	0.21

	1995
	128
	61.6
	64.68

	1996
	11
	61.6
	49.21



Putting the numbers into the chi-squared calculation gives an output of 196.597.
Degrees of freedom   (𝑑𝑓 = Number of years−1)
 10−1= 9 
From the chi-square distribution table, a chi-square value of 196.59 with 9 degrees of freedom has a p-value much less than 0.00001. The null hypothesis is rejected as there is a significant difference in the distribution of common dab across the 10 years.

[bookmark: _Toc166859360]Chi-square Test for Both Species
To determine whether the distribution of fish species is similar across the 10 years, we can conduct a chi-square test for both species combined. This test compares the observed frequencies of both seabass and common dab across the 10 years to the expected frequencies if the distributions were uniform.
Null Hypothesis (H₀): The distribution of seabass and common dab is similar across the 10 years. 
Alternative Hypothesis (H₁): The distribution of seabass and common dab is not similar across the 10 years.
Contingency Table:
	Year
	Seabass
	Common Dab
	Row Totals

	1987
	14
	94
	108

	1988
	11
	39
	50

	1989
	193
	85
	278

	1990
	146
	14
	160

	1991
	37
	75
	112

	1992
	48
	72
	120

	1993
	23
	40
	63

	1994
	25
	58
	83

	1995
	86
	128
	214

	1996
	46
	11
	57

	Col Totals
	629
	616
	1245



The combined chi-square test for both species indicated whether their distributions across the years were similar or not. The significant result highlights that the patterns of fluctuation in seabass and common dab populations are different, which can be attributed to their distinct ecological niches and responses to environmental changes:
[bookmark: _Toc166859361]Exercise 2 – Correlation of Tree Height and Timber Volume  
[bookmark: _Toc166859362]Pearsons rank correlation
Pearson correlation coefficient measures the strength and direction of the linear relationship between two continuous variables. It quantifies how well the relationship between the variables can be described by a straight line, providing valuable insights into the degree of association between them (Faizi and Alvi, 2023).
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[bookmark: _Toc166850880]Figure 2, Result Table for Tree height and timber volume.

To analyse the relationship between tree height and timber volume, the appropriate correlation statistic to use is the Pearson correlation coefficient (r). This statistic measures the strength and direction of the linear relationship between two continuous variables (Faizi and Alvi, 2023).

The null hypothesis (H0) states that there is no correlation between tree height and timber volume.

The alternative hypothesis (H1) suggests that there is a significant correlation between the two variables.

With a correlation coefficient of 0.598, it suggests a moderate positive correlation between tree height and timber volume. This indicates that as tree height increases, the timber volume increases as well. However, the correlation is not strong enough to suggest a perfect linear relationship between the two variables. Since the significance level is less than .001, we reject the null hypothesis, indicating that there is a statistically significant correlation between tree height and timber volume (Kinnear and Gray, 2004). According to Freschet et al., (2010), Pearson's correlation is widely used in ecological studies to understand the interdependencies between various plant traits. By quantifying how two continuous variables change together, this method helps identify patterns and relationships, such as the correlation between tree height and timber volume. It is crucial for ecosystem modelling and management, informing predictive models and sustainable practices (Freschet et al., 2010).


[bookmark: _Toc166859363]Exercise 3 - Significance of Spider Size and Web Size Data 
[bookmark: _Toc166859364]Linear regression
Linear regression is a statistical technique used to model the relationship between a dependent variable and one or more independent variables by fitting a linear equation to the observed data. It enables us to predict the value of the dependent variable based on the values of the independent variables, making it a useful tool for forecasting and understanding the nature of relationships between variables (IMB, 2024).
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[bookmark: _Toc166850881]Figure 3 Input Table for Spider size and Web area
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[bookmark: _Toc166850882]Figure 4 Output Table for Spider size and Web area


The hypothesis tested in this analysis is whether there is a significant linear relationship between spider body mass (independent variable) and web area (dependent variable) in the tropical species Eustala illicita. 
There is a positive correlation between spider size and web size, implying that as spider body mass increases, web area also increases.

The result from SPSS for the regression coefficient being <0.001 indicates that the relationship between spider body mass and web area is statistically significant at the conventional significance level of 0.05. This means that there is strong evidence to reject the null hypothesis, indicating that spider size and web size are indeed correlated. The p-value is less than 0.001 suggesting that the relationship is highly significant, further supporting the idea that changes in spider body mass are associated with changes in web area in the tropical species Eustala illicita (Kinnear and Gray, 2004). Blackledge and Eliason, (2007) affirm the positive correlation between spider size and web size, echoing the findings of the analysis. They emphasise the significance of such correlations in understanding ecological dynamics and predator-prey interactions within ecosystems.

Figure 5 shows the regression scatterplot for the Web Area. 
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[bookmark: _Toc166850883]Figure 5, Scatterplot of Data for Spider size and web area

 
[bookmark: _Toc166859365]Exercise 4 – Ragworm Mobility 
[bookmark: _Toc166859366]Two way ANOVA 
The two-way analysis of variance (ANOVA) is a statistical method used to assess the effects of two categorical independent variables on a continuous dependent variable. It allows us to determine whether there are significant interactions between the two independent variables and whether each variable has a significant main effect on the dependent variable. This test is particularly useful for studying the combined effects of two factors on an outcome of interest (LAERD Statistics, 2018).
Null hypothesis (H0): There is no significant difference in crawling speed due to substrate, hair status, or their interaction.
Alternative hypothesis (H1): There is a significant difference in crawling speed due to substrate, hair status, or their interaction.
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There is no significance between mud and sand but there is a significance between hair and no hair.
[bookmark: _Toc166859367]Conclusion 
In conclusion, this portfolio explores the methodologies and applications of key statistical tests. It looked at Chi-squared, Pearson's rank correlation, linear regression, and two-way ANOVA, to explore relationships between sets of data and draw informed conclusions about the data. 
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Tests of Within-Subjects Contrasts
Measure: Distance

Type Il Sum of

Source Substate Harriness Squares df Mean Square F Sig.
Substate Linear 9.000 1 9.000 5.126 .053
Error(Substate) Linear 14.045 8 1.756

Harriness Linear 44.001 1 44.001 6.800 .031
Error(Harriness) Linear 51.764 8 6.470

Substate * Harriness Linear Linear 8.604 1 8.604 1764 221
Error(Substate*Harriness) Linear Linear 39.021 8 4878
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ANOVA®

Sum of
Model Squares df Mean Square F Sig
1 Regression 577628.753 2 288814377 19.426 <001°
Residual 312208.580 21 14867.075
Total 889837.333 23

a. Dependent Variable: Area
b. Predictors: (Constant), Sample, Mass




