Using Statistics in Ecology 2020, homework part two 

 „Generate a data set“ means that you should also describe briefly a biologically realistic setting which may have yielded such data, i.e. the variables must have names and the results should be meaningfully interpreted. Everything which is in the figures must be readable. Everyone will do his/her work independently, you are allowed to ask for advice but direct similarities will be punished. Excessive numerical accuracy is moderately punishable. Please copy the text of each task before you answers. Display your “a” value. 
1. Generate biologically relevant data in which chi-squared test would reveal a statistically significant association in a 2x2 (two times two) frequency table. In one of the cells there should be value 3a. Present the table and the result both as copy-paste from R and as such a sentence which you would be OK for a research paper. Present a table with identical marginal distributions in which there is no significant association between the variables (this can you do by hand at home).
2. Generate a data set in which two continuous independent variables are positively correlated (0.65<r<0.85, present a graph, and a result of correlation analysis) and the dependent variable (sample mean between 2a and 3a) depends on both of these variables, when examined one at a time (present graphs). Perform type I analyses with both orders of the variables (do not include the interaction), present results as raw tables (copy-paste from R). Explain the difference in the interpretation of the results. Present the results also for type III analysis but this time as an edited ANOVA table (as you would present it in a research paper). Please do not draw more lines than it is customary for tables in research papers.   

3. Generate data in which the results of a type I ANOVA with two discrete independent variables do not depend at all on the order of the variables in the model (recall which assumption should be met to achieve this). Do not include an interaction in the model. Please present the results with the two different orders as raw tables. Calculate the residuals and present graphically frequency distributions of the residuals for both levels of one of the independent variables. Are the assumptions of ANOVA met? (Tell why. No worries if not).

4. Examine section „Analysis of covariance – one important application“ (topic 7) and present an example from the ecology of plants (what was studied and why?) in which the described logic applies. Discuss the setting and explain, how would you interpret the results of the analyses in which the covariate 1) is not, 2) is included in the model and in the last case 1) will or 2) will not attain significance. No need to perform the analysis but present a hypothetical table of results. 
5. Generate data in which the relationship between two variables deviates significantly from linearity and the relationship is concave. The mean of the sample of the independent variable should be between a and 2a. Present the test of non-linearity (raw table), the graph and the equation of the relationship (edited). 

6. The weight of catfish in darkness, when fed with worms and in warm conditions is a. Please propose the values of fish weight for all combinations of illumination (dark/light), food (worms/porridge) and temperature (warm/cold) so that there were one and only one two-factor interaction in the data, a three-way interaction should not be there either. Present the situation graphically (you may draw by hand). How would you verbally formulate a three-way interaction if it still was there?  
7. Describe a fictional situation from frog ecology in which you would use a mixed ANOVA with one  random (not “brood”, invent something different) and two fixed factors. Explain, why are the factors treated as fixed/random. Generate the data and present the result as a raw table. Would it be reasonable to alternatively treat one of the random factors as fixed. In not, then why? If yes, how would it change the interpretation of the results? 

8. There were 6 snakes, 3 were fed with mice, 3 were not (two treatments). Length of the snakes was measured in one, two, three and four years starting from the beginning of the treatment. The researchers are interested whether there is some overall effect of the treatment on snake length, and whether the dynamics of length differs between the treatments. Please find the data as an excel sheet, first please analyse the data with an ordinary ANOVA (treatment and time) not accounting for the fact that the same individuals were repeatedly measured, and then as a correct repeated measurements ANOVA. Present the results of both analyses as raw tables, find the differences (also in degrees of freedom) and explain what do they come from. Please note that in repeated measurements ANOVA, the number of error degrees of freedom may differ for different effects. Formulate the result of the repeated measurements ANOVA as a biologically meaningful sentence. 
9. Generate data which you would analyse using the method of logistic regression and where the parameter b is in the range 0.4<b<0.7. Perform the analysis, present the figure, significance test in the raw form and the equation of the logistic function (edited). Present the result as a biologically informative sentence as you would do it in a research paper.  

10. Present a fictional case in which you would compare a Poisson distributed variable between two populations of sharks (in one of the groups, let it be  μ = 1 + a/10 (± 10%)). Generate respective data and present these distributions graphically. Present tests to show that the generated distributions do not deviate significantly from Poisson distribution. Present a test for the among-population differences in the values of these variables. Present the results of the test both as raw output and as a meaningful sentence. 

11. Describe a situation when, studying yield of apple trees, you should „merge“ three variables into one principal component (please avoid overlap with the example presented in the lecture, invent something by yourself). Present the interpretation of the new variable. Why cannot it be measured directly? Generate the data and find out whether the new variable correlates with some fourth one (present raw results of the correlation analysis). Present a table showing the values of the original variables and the calculated PCA component score.
12. Describe a fictional ecological study in which you have studied the dependence of one continuous variable on another, so that the values of both variables have recorded from 20 sites on Saaremaa island. There should be spatial autocorrelation (SAC) in the independent variable but not in the dependent variable. Present a map displaying the values of both variables for all study sites. Present a verbal interpretation of the SAC. What may have caused the SAC?
*******************************************  end of tasks  ******************************
