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Why R??

PROS
Beautiful plots
Big data
Loop through files and analysis
Repeat same analysis any time
Open free language = big online community to help

CONS
Not pushing buttons to get quick results™
Learn to code*



* CONS
* Not pushing buttons to get quick results

e Learn to code

[& *D:\Dropbox\MOSKY\CURRO\PODARCIS\Measurements\AdultsPKPM\Analysis\variances\ANOVA_Ttest\NEWparametricANOVAmultifile.R - Notepa...
File Edit Search View Encoding Language Settings Tools Macro Run Plugins Window
= s lls @ : i g

[ UnixCommands sh .| [ PERL_Commands ol 1| [l Inpus_file_or_so.csv 3 || NEWparametricANOVAMGtfie R 3

g B Error in cat("Analysing file", csvfile, ":\n\t", maxcol, "columns in TOTAL\n\t",
(S ke @i object 'varnames' not found
tvariable < tempdata 2 3 x T n

tgroup < tempdata |1
groupnames tgroup

numgroups groupnames Analysing file Adultsl8residAllNorm.csv :

11 columns in TOTAL
1 with individual/non-relevant data
minimum tvariable 3 columns with grouping variables: Sex Pop Group
maximum tvariable 7 numeric variables: LwJalL LwJaO SnLgh HHgth HLgth HWdth LtHip
rangeval - maximum - minimum
dotsize rangeval 100 [1] "Group"
unit rangeval 1
Qart tvariable
Quartiles as.data.frame Qart

ql < Quartiles 1 unit
q5 < Quartiles unit

nametest coltags i ", coltags j|. sep-"

"\n" nametest "\n

numgroups -2

aovpod tvariable tgroup tempdata
aovpod
"\n\n"
summaraov aovpod
pval - summaraov "Pr(>F)1"

out capture.output aovpod
"\n", "\t", "-- " coltags j ® ===, - "\n\n" outfile. sep
nametest. "\n\n\tANOVA\n" outfile " TRUE
out outfile sep-"\n" TRUE
Sam,m.= outfile sep-"\n"

"LwJaL"
"LwJao"
"SnLgh"
"HHgth"
"HLgth"
"HWdth"
numgroups -3 "LtHip"
“redl", “goldenrodl",K “purple3" "black" “green3" “blue" “magenta" “gray"
mypalette “redl” “"goldenrodl” “purple3” “black” “green3" “blue" “magenta” “gray"
lse if (numgroups--4 -
g"darkcrange}" “"orange"  “"darkgreen" "chartreuse3" “redl” “goldenrodl” “purple3” “black" L & Sf “?a“ SIEE Val“f Pf‘>F’ -
mypalette "darkorange3" "orange” “"darkgreen" “chartreuse3” “red1l” “goldenrodl” “purple3” "blJll “9T°UP 3 3.592 1974 17.72 1.31e-05
el if  numgroups 8 Residuals 18 1.216 0.067¢
"redl” “goldenrodl" “purple3” 6 “olivedrab4" "black" “"firebrick4" “slateblue4”
mypalette “redl” “"goldenrodl” “purple3" “olivedrabs” “black" “firebrick4" “slateblue4" Signif. codes:
if numgroups -8
"black" “slateblue4" “purple2" "magenta" “redl" “firebrick4" “darkorange" “goldenrodl"
mypalette "black" "slateblue4" “purple2” “magenta" “redl" "firebrick4" “darkorange" "goldenrd

0 “Axxr Q.001 ‘A%’ 0.0l ‘*’ 0.05 ‘.7 0.1 %’ 1

scale_fill_manual values mypalette

R programming language Windows (CRLF)  UT



* PROS
* Understanding what we are doing

e Learn how to code!

[& *D:\Dropbox\MOSKY\CURRO\PODARCIS\Measurements\AdultsPKPM\Analysis\variances\ANOVA_Ttest\NEWparametricANOVAmultifile.R - Notepa...
File Edit Search View Encoding Language Settings Tools Macro Run Plugins Window
= s lls @ : i g

[ UnixCommands sh .| [ PERL_Commands ol 1| [l Inpus_file_or_so.csv 3 || NEWparametricANOVAMGtfie R 3

g B Error in cat("Analysing file", csvfile, ":\n\t", maxcol, "columns in TOTAL\n\t",
(S ke @i object 'varnames' not found
tvariable < tempdata 2 3 x T n

tgroup < tempdata |1
groupnames tgroup

numgroups groupnames Analysing file Adultsl8residAllNorm.csv :

11 columns in TOTAL
1 with individual/non-relevant data
minimum tvariable 3 columns with grouping variables: Sex Pop Group
maximum tvariable 7 numeric variables: LwJalL LwJaO SnLgh HHgth HLgth HWdth LtHip
rangeval - maximum - minimum
dotsize rangeval 100 [1] "Group"
unit rangeval 1
Qart tvariable
Quartiles as.data.frame Qart

ql < Quartiles 1 unit
q5 < Quartiles unit

nametest coltags i ", coltags j|. sep

"\n" nametest "\n

numgroups

aovpod tvariable tgroup tempdata
aovpod
"\n\n"
summaraov aovpod
pval - summaraov "Pr(>F)1"

out capture.output aovpod
"\n", "\t", "-- " coltags j ® ===, - "\n\n" outfile. sep
nametest. "\n\n\tANOVA\n" outfile " TRUE
out outfile sep-"\n" TRUE
Sam,m.= outfile sep-"\n"

"LwJaL"
"LwJao"
"SnLgh"
"HHgth"
"HLgth"
"HWdth"
numgroups -3 "LeHip"
“redl", “goldenrodl",K “purple3" "black" “green3" “blue" “magenta" “gray"
mypalette “redl” “"goldenrodl” “purple3” “black” “green3" “blue" “magenta” “gray"
lse if (numgroups--4 .
g"darkcrange}" “"orange"  “"darkgreen" "chartreuse3" “redl” “goldenrodl” “purple3” “black" L & Sf “?a“ SIEE Val“f Pf‘>F’ -
mypalette "darkorange3" "orange” “"darkgreen" “chartreuse3” “red1l” “goldenrodl” “purple3” "blJll “9T°UP 3 3.592 1974 17.72 1.31e-05
1 if  numgroups 8 Residuals 18 1.216 0.0676
"redl” “goldenrodl" “purple3” 6 “olivedrab4" "black" “"firebrick4" “slateblue4”
mypalette “redl” “"goldenrodl” “purple3" “olivedrabs” “black" “firebrick4" “slateblue4" Signif. codes:
if numgroups -8
"black" “slateblue4" “purple2" "magenta" “redl" “firebrick4" “darkorange" “goldenrodl"
mypalette "black" "slateblue4" “purple2” “magenta" “redl" "firebrick4" “darkorange" "goldenrd

0 “Axxr Q.001 ‘A%’ 0.0l ‘*’ 0.05 ‘.7 0.1 %’ 1

scale_fill_manual values mypalette

R programming language Windows (CRLF)  UT



We are not goint to jump blindly into a bunch of code.

Baby steps

[& *D:\Dropbox\MOSKY\CURRO\PODARCIS\Measurements\AdultsPKPM\Analysis\variances\ANOVA_Ttest\NEWparametricANOVAmultifile.R - Notepa...
File Edit Search View Encoding Language Settings Tools Macro Run Plugins Window
= s lls @ : i g

[ UnixCommands sh .| [ PERL_Commands ol 1| [l Inpus_file_or_so.csv 3 || NEWparametricANOVAMGtfie R 3

g B Error in cat("Analysing file", csvfile, ":\n\t", maxcol, "columns in TOTAL\n\t",
(S ke @i object 'varnames' not found
tvariable < tempdata 2 3 x T n

tgroup < tempdata |1
groupnames tgroup

numgroups groupnames Analysing file Adultsl8residAllNorm.csv :

11 columns in TOTAL
1 with individual/non-relevant data
minimum tvariable 3 columns with grouping variables: Sex Pop Group
maximum tvariable 7 numeric variables: LwJalL LwJaO SnLgh HHgth HLgth HWdth LtHip
rangeval - maximum - minimum
dotsize rangeval 100 [1] "Group"
unit rangeval 1
Qart tvariable
Quartiles as.data.frame Qart

ql < Quartiles 1 unit
q5 < Quartiles unit

nametest coltags i ", coltags j|. sep

"\n" nametest "\n

numgroups

aovpod tvariable tgroup tempdata
aovpod
"\n\n"
summaraov aovpod
pval - summaraov "Pr(>F)1"

out capture.output aovpod
"\n", "\t", "-- " coltags j ® ===, - "\n\n" outfile. sep
nametest. "\n\n\tANOVA\n" outfile " TRUE
out outfile sep-"\n" TRUE
Sam,m.= outfile sep-"\n"

"LwJaL"
"LwJao"
"SnLgh"
"HHgth"
"HLgth"
"HWdth"
numgroups -3 "LeHip"
“redl", “goldenrodl",K “purple3" "black" “green3" “blue" “magenta" “gray"
mypalette “redl” “"goldenrodl” “purple3” “black” “green3" “blue" “magenta” “gray"
lse if (numgroups--4 .
g"darkcrange}" “"orange"  “"darkgreen" "chartreuse3" “redl” “goldenrodl” “purple3” “black" L & Sf “?a“ SIEE Val“f Pf‘>F’ -
mypalette "darkorange3" "orange” “"darkgreen" “chartreuse3” “red1l” “goldenrodl” “purple3” "blJll “9T°UP 3 3.592 1974 17.72 1.31e-05
1 if  numgroups 8 Residuals 18 1.216 0.0676
"redl” “goldenrodl" “purple3” 6 “olivedrab4" "black" “"firebrick4" “slateblue4”
mypalette “redl” “"goldenrodl” “purple3" “olivedrabs” “black" “firebrick4" “slateblue4" Signif. codes:
if numgroups -8
"black" “slateblue4" “purple2" "magenta" “redl" “firebrick4" “darkorange" “goldenrodl"
mypalette "black" "slateblue4" “purple2” “magenta" “redl" "firebrick4" “darkorange" "goldenrd

0 “Axxr Q.001 ‘A%’ 0.0l ‘*’ 0.05 ‘.7 0.1 %’ 1

scale_fill_manual values mypalette

R programming language Windows (CRLF)  UT



Basic R: How? Where?

0 RStudio

File Edit Code View Plots Session Build Debug Profile Tools Help

O -y 2 H B » ~ Addins -

Q| intersect.R*
t Source on Save LY G = Run

1
2 actually part of an script, but I'm using it as a background for a presentation
3 getwd
4  library(random_name)
5 install.packages("whatever")
6 library(whatever)
7
8
9
10

el
swn e

- RStudio: The Best way to start in

; Double click

43 rm(list = 1s()) #Remove all objects
44 setwd(“"this/is/a/path/name/to/a/very/cool/directory™)

45 getwd() #Check

46

47 #lociPK_PM = read.table("signif_fst_loci_PK-PM_psic”, sep = t header =FALSE) #read the data into a table
451 (Top Level} =
Console  Terminal
R version 3.5.2 (2018-12-20) -- "eggshell 1gloo”

copyright (¢) 2018 The R Foundation for statistical computing
Platform: x86_64-w64-mingw32/x64 (64-bit)

R 1s free software and comes with ABSOLUTELY NO WARRANTY,
you are welcome to redistribute it under certain conditions.
Type "Ticense()' or "licence()' for distribution details.

=0
i 4 ™ Source -~

v
R Script 3

=0

- O X

&l Project: (None} ~

History G

Flles Plots Packages Help
@Upda"

Description

0l install

Name

User Library
abind  Combine
Multidimensional
Arrays
ACE and AVAS for
Selecting Multiple
Regression
Transformations
Analysic of
Ecological Data:
Exploratory and
Euclidean Methods
in Environmental
Sciences

acep..

aded

adeg.. Exploratory
Analysis of Genetic
and Genomic Data
An 54 Lattice-Based
Package for the
Representation of
Multivariate Data
Interpolation of
Iregularly and
Regularly Spaced
Data

ape Analyses of
Phylogenetics and
Evolution

Data Analysis Using
Regression and
Multilevel/Hierarchic
Models

Safe Password
Entry for R, G, and
SSH

Easy Pre and Post
Assertions

Audic Interface for
R

adeg..

akima

askp...

asser...
audio
back. Reimplementations
of Functions
Introduced Since R-
3.00

Tools for basetd
encoding
Computation of
Bayes Factors for
Common Designs
Bayesian Structure
Leaming in
Graphical Models
using Birth-Death
MCMC

base...

Baye..

BDgr...

0.1-

114

0.1-

09.1
42

258




Basic R : How? Where?

Script (commands you want to run)

€ Rstudio
File Edit Code View Plots Session Build Debug Profile Tools Help
Q - Cx . ] & ~ Addins ~
07 Intersect.R* super_original_object_name
] Source on Save L /-
1 #R sucks!
2
3 #This is actually part of an script, but I'm using it as a background for a presentation
4
5 library(random_name)
6 install.packages("whatever")
7 Tlibrary(whatever)
8
9 rm(list = 1s()) #Remove all objects
10
11 getwd() #check your working directory
12
13 setwd("this/is/a/path/name/to/a/very/cool/directory")
14
15 setwd("D:/Dropbox/MOSKY/CURRO/Data")
16
17 getwd() #Check
18
19 super_original_object_name <-read.table("Input_file_or_so.csv", header=TRUE)
20
21
22 #hacking script
23 svg(filename="bayes_vsFstPKPM.svg", width=5, height=4, pointsize=12)
24 venn(list("Fst PK-PM"=lociPK_PM, "Bayescan Outliers"=lociBayesAll))
25 dev.off()
26
27
22:16 (Top Level) +

Console  Terminal

K 1S a collaporative project witn many contriputors.
Type 'contributors()' for more information and
'citation()' on how to cite R or R packages in publications.

Type 'demo()' for some demos, "help()' for on-line help, or
'help.start()' for an HTML browser interface to help.
Type 'q()' to quit R.

> #R sucks!
> #This is actually part of an script, but I'm using it as a background for a presentation
> getwd()
[1] "D:/Dropbox/MOSKY/Documents"
> setwd("this/is/a/path/name/to/a/very/cool/directory™)
Error in setwd("this/is/a/path/name/to/a/very/cool/directory")
cannot change working directory
> setwd("D:/Dropbox/MOSKY/CURRO/Data")
> super_original_object_name <-read.table("Input_file_or_so.csv", header=TRUE)
> View(super_original_object_name)
>

objects (data) loaded in R Environment

- X

Rl Project: (None) ~

— (= Environment  History Connections e
*3 | b Source ~ 2 “ Import Dataset ~ & List ~
A (T} Global Environment ~
Data
'super_original_ob.. 86 obs. of 1 variable
Files Plots Packages Help Viewer i
© | NewFolder € Delete =) Rename = {3k More ~
D: > Dropbox > MOSKY > CURRO > Data
A Name Size Modified
t.
= Cool_plot.png 5.3 KB Oct 29, 2018, 6:55 PM
= Groovy_boxplot.png 88.9 KB Oct 17, 2018, 4:35 PM
| Important_Data
| Importanter_Data
v | Importantest_Data
R Script 2 | Input_Files
— = MilaKunis.png 6 KB Oct 29, 2018, 6:57 PM
= Normal_Exam_TestQuestions.log 263 B Sep 17, 2019, 11:28 AM
| Not_Porn

>

| NotPorn_either
SomeRawData_|_guess.xlsx 6.4 KB Oct 4, 2019, 3:18 PM
UnfairlyHard_Exam_TestQuestion.txt 2253 MB Sep 17, 2019, 2:59 AM
| WolrdDominationPlans
Input_file_or_so.csv 5.8 KB Oct 16, 2018, 2:45 PM

Console > coded executed already and
output messages (including errors)

Directories and files in your computer




Basic R : How? Where?

File > New File > R Script (Ctrl+Shift+N)
Write something nice!

Comment #

# Notes for yourself that will be ignored by R
# you should define the purpose of the script
# kind of input file and describe each step

save a script file in your directory



Basic R

Basic commands

Objects: any data saved in R environment

many kinds of objects can be saved in R memory
variables, vectors, dataframes...

variables
Information stored with a unigue name
numerical values or text (string)



Basic R

Basic commands

Declare variables:

F<—three

three—>-3

two <- 2

three =3

variable = "text string"

Execute with Ctrl+Enter
and will appear at "Environment"”



Basic R

Basic commands

R does statistics and basic math

Operators:

+ - % /A



Basic R

Basic commands

> a=10%4
a=2 > b=2
. > sum_ab=a+b
b=10%*%4 > sum_ab
1] 42
sum_ab =a+b £ ]

you can call an object any time
sum_ab #42



Basic R

The first rule of the coding club:

i vou ars Wing a ot Yourr ame doing i vreng”

Use 'Tab’:

(autocomplete)



Basic R

Basic commands

 First command: cat()

It is a powerful tool to concatenate and write files.

But you will use me mainly to print things on screen




Basic R

Basic commands: cat

Try to use cat() to print something in your console

cat(Hello World!)

Ctrl+Enter



Basic R

Basic commands: cat

Tell R something is text by using "quotation marks"

cat("Hello World!")

cat(sum_ab)

cat (sum_ab, variable)



Basic R

Basic commands: cat

* Commands may have multiple arguments

* Arguments are separated by commas ",

* Concatenate various arguments with cat()

cat("The answer is", sum_ab )



Basic R

Basic commands: cat

Arguments can modify commands behaviour
sep: how to separate arguments when printing

\Nn <- will print each argument in a different line

cat("The answer is", sum_ab, sep="\n")



Basic R

Basic commands

Summarising

 commands() can have many arguments
e arguments modify command behaviour
* arguments are separated by commas,
e textis defined with "quotation marks"

cat("The answer is", sum_ab, sep="\n")



Basic R

Basic commands

Commands have help information

check other arguments for cat:

’cat

help(cat)



Basic R

Let's analyse our first data in R!

Create file in excel

3 variables (name them in the first raw),
three columns of numbers

Save as .CSV



Basic R

Excel file

1 CODE Sex PoptGroup Alive procesed Spots JawlLelHeadWiTailLenBodylLength
2 PKO21 fem PK PK-F yes TRUE 3 1392 0.899 9.438 6.150
3 PK022 fem PK PK-F no TRUE 5 1.290 0.855 9.319 6.340
4 PK023 fem PK PK-F yes TRUE 6 1277 0.849 1.060 5.894
5 PK024 fem PK PK-F yes TRUE 4 1315 0.852 8.727 5.848
6 PKO25S fem PK PK-F yes TRUE 4 1408 0.933 6.938 6.367
7 PKO26 fem PK PK-F yes TRUE 4 1.206 0.856 8.304 5.994
8 |PK027 fem PK PK-F yes TRUE 2 1299 0.830 7.260 6.175
. . 9 |PK028 fem PK PK-F no FALSE 2 1365 0.897 8.036 6.234
Va rl a b I eS I n CO I u rT] n S 10 PK029 fem PK PK-F no TRUE 2 1385 0.912 7.849 6.043
11 PK030 fem PK PK-F yes FALSE 3 1.282 0.836 0.933 5.573
12 PK031 fem PK PK-F no TRUE 6 1122 0.873 6.498 6.053
13 |PK032 fem PK PK-F yes TRUE 5 1.295 0.856 6.462 5.929
o . 14 PK033 fem PK PK-F no TRUE 9 1.336 0.838 8.849 6.220
O b 15 PK034 fem PK PK-F no TRUE 3 1.297 0.821 9.233 6.452
S e rva I O n S I n rOWS 16 PK035 fem PK PK-F yes TRUE 2 1345 0.871 2.920 6.642
17 PK036 fem PK PK-F yes TRUE 1 1234 0.858 2.299 5.662
18 |PK037 fem PK PK-F yes FALSE 5 1.327 0.860 6.129 5.739
19 PK038 fem PK PK-F no FALSE 5 1.359 0.953 4.977 6.264
20 PK039 fem PK PK-F no FALSE 6 1.358 0.929 8.960 6.166
21 PK040 fem PK PK-F yes TRUE 3 1442 0342 7.592 6.362
22 PK041 fem PK PK-F no FALSE 5 1.281 0.892 8.352 6.588
23 PK042 fem PK PK-F yes TRUE 6 1.359 0.894 8.221 5.881
24 PK043 fem PK PK-F no FALSE 3 1311 0.928 8.949 6.311
25 PK044 fem PK PK-F yes TRUE 4 1425 0.905 1.922 6.380
26 PK045 fem PK PK-F no FALSE 6 1402 0.926 9.174 6.569
27 PK046 fem PK PK-F no TRUE 4 1372 0.903 7.839 6.136
28 PKOO1 mal PK PK-M vyes TRUE 5 1.437 0994 8.664 6.007
29 PK003 mal PK PK-M no TRUE 2 1508 1.091 6.943 6.748
30 PK004 mal PK PK-M yes TRUE 3 1.608 1.094 1.559 6.456
Expo rt fro m EXCEI 31 PK00S mal PK PK-M no TRUE 1 1.405 1.010 8.467 6.024
e oon sl o as — sl acon o aocio o

* File>Save As: comma separated (.csv)



Basic R

* Browse files in R: Working Directory

getwd()

To check the working directory (where R is reading
your files from)

setwd()

To tell R where to find the files to analyse



Basic R

setwd("path/")

1. Copy the path of the folder where you file is at

D:\Dropbox\MOSKY\CURRO\CLASS\evoleco20

Share  View

3 ' Eé ] iy New item ~ pe R select all
v - ]
M
t

y path il Easy access - B cait
Delete Rename  New Properties

Pin to Quick
S folder

access cut B History
Clipbo Organise
¢ > v 1 [ D:\Dropbox\MOSKV\CURRO\CLASS\evoleco20|
Name Date modified
& mosky 3§ ~$01_Rintro_evoleco2020.pptx Microsoft PowerP.
@~ Downloads ~Slizards_practical_dat: 0/2020 8 Microsoft Excel W..
& Programs & 01_Rintro_evoleco2020.pptx Microsoft PowerP.
B Documents B lizards_practical_data.csv

8 CURRO Bl lizards_practical_data.xlsx

setwd("D:/Dropbox/MOSKY/CURRO/CLASS/evoleco20"

getwd # check wd



Basic R

 Import files to R
read.table()

Check ?read.table to see arguments
You need three arguments
 "file name"

e separator of columns (sep=",'
* header=? (TRUE/FALSE)

WK N O LA WN =

WWNRNRNRNRNNRNRNRNRDRRR |2 |2 15 e
= O W ®-NoO s WwWN RO LIS OSWwRN RO

b

CODE

PK021
PK022
PK023
PK024
PK025
PK026
PK027
PK028
PK029
PK030
PK031
PK032
PK033
PK034
PKO035
PK036
PK037
PK038
PK039
PK040
PK041
PK042
PK043
PK044
PK045
PK046
PK001
PK003
PK004
PK005

mal

PoptGroup Alive procesed Spots

PK
PK
PK
PK
PK
PK
PK
PK
PK
PK
PK
PK
PK
PK
PK
PK
PK
PK
PK
PK
PK
PK
PK
PK
PK
PK
PK
PK
PK
PK

PK-F
PK-F
PK-F
PK-F
PK-F
PK-F
PK-F
PK-F
PK-F
PK-F
PK-F
PK-F
PK-F
PK-F
PK-F
PK-F
PK-F
PK-F
PK-F
PK-F
PK-F
PK-F
PK-F
PK-F
PK-F
PK-F
PK-M
PK-M
PK-M
PK-M

yes
no
yes
yes
yes
yes
yes
no
no
yes
no
yes
no
no
yes
yes
yes
no
no
yes
no
yes
no
yes
no
no
yes
no
yes
no

TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
FALSE
TRUE
FALSE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
FALSE
FALSE
FALSE
TRUE
FALSE
TRUE
FALSE
TRUE
FALSE
TRUE
TRUE
TRUE
TRUE
TRUE

b = W NV R R WO WO U RN W NNNRAAE RO O W




Basic R

 Import files to R

read.table( “moja_tablica.csv", header=TRUE, sep=",")

This way we see it, but can't we save it in R environment?



Basic R

Basic commands

Save files to R environment
You can redirect the output of most commands to an object

tablical <- read.table( ...)

read.table( "tablica_1.csv",
header=TRUE,
Sep=II’II)



Basic R

Check your data!!

 Read the description in 'Environment’



Basic R

Dataset

Head and body measurements from lizards
(Podarcis sicula) from two Adriatic islands




Nevo et al. 1972, Oecologia

Pod Mrcaru

594+5 0
Podarcis siculus

Podarcis melisellensis

D e,
SR S TN

Pod Kopiste

“It is our hope that we or other biologists can follow the dynamics of these introductions over a
period of years to gain further insight into the competitive dynamics between L. melisellensis and L.
sicula.”



35 years later — Herrel et al. 2008, PNAS; Versust et al. 2007, Oikos

Pod Kopiste Pod Mrcaru

Podarcis siculus Podarcis siculus

Differences in:

Ecology
Behaviour

Morphology

cecal valve

cecal valve

C \

Diet > omnivory!

Development of new organ structure

‘s g



Head width

Head length

Length to hip

Snout

Lower jaw

outlever
Lower jaw
length

Ws1ay peaH



Basic R

redo with lizards_practical _data

read.table ( ” lizards_practical _data.csv",
header=TRUE, sep=";")



Basic R

redo with lizards_practical _data
e save as object “lizards”

tablical <- read.table ( "lizards_practical data.csv",
header=TRUE, sep=";")



Basic R

Check your data again!!
str(lizards)

data frame organisation: S
Each column from our excel is a different variable
stored in a different S slot

lizardsSSex

‘data.frame’: 86 obs. of 11 variables:

$ CODE : chr  "PKO21" "PKO022" "PKO23" "PKO24" ...
§ sex : chr "fem" "fem" "fem" "fem" ...

$ Population: chr "pK" "PK" "PK" "PK" ...

$ Group : chr  "PK-F" "PK-F" "PK-F" "PK-F" ...

$ Alive : chr "yes"™ "no" "yes" "yes" ...

§ procesed : Togi TRUE TRUE TRUE TRUE TRUE TRUE ...
$ Spots :dint 3564442223 ...

$ JawLength : num 1.39 1.29 1.28 1.31 1.41 ...
$ Headwidth : num 0.899 0.855 0.849 0.852 0.933 0.856 0.83 0.897 0.912 0.836 ...
$ TailLength: num 9.44 9.32 1.06 8.73 6.94 ...
$ BodyLength: num 6.15 6.34 5.89 5.85 6.37 ...
>




Basic R

R differentiates some types of variables

Sex and Population "chr"

$ sex : chr "fem" "fem" "fem" "fem" ...
$ population: chr "pK" "PK" "PK" "PK" ...

| Pod MrGamu

* Are categorical variables
We will use them to define groups
* |n most analysis they are used as

"grouping”, "treatment”

or "explanatory variables"



Basic R

R differentiates some types of variables

Tail Length and Body Length "num”

$ TailLength: num 9.44 9.32 1.06 8.73 6.94 ...
$ BodyLength: num 6.15 6.34 5.89 5.85 6.37 ...

 Continuous numerical variables

* |n mostly are used as
"response variables"

* We will analyse if their values

are different among groups




Basic R

Let's analyse the data

Are there significant differences in Body Lenght
petween males and females?

-----------------------------------------

eeeeeee




Basic R

Let's analyse the data

Are there significant differences in Body
Lenght between males and females?

aov() = analysis of variance = ANOVA

2 arguments
formula: response variable ~ grouping variable
data frame name: lizards



Basic R

Let's analyse the data

ANOVA
aov(BodyLength~Sex, data=lizards)

Summarize: summary() Pr (>F)

summary(aov( .. .)) 1.91e-05 ==

Save for later

results _aov <- summary(aov( .. .))



Basic R

BASIC PLOT

boxplot(BodyLength~Sex, data=lizards)
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Basic R

EXERCISE
Now try to do the same for Head Width and Populations

Are there significant differences in Head Width between
Populations?

You will need:
aov(), summary(), and boxplot()



Basic R

save results to a file

First check format > str (results_aov)
$ :Classes ‘anova’ and
t |t ..égf S T onum Eig%
.. um T onum :
S r(resu S_aOV) .. % Mean gq: num [1:2]
..% F value: num [1:2]
This is ugly e Peiassmy e chi

‘data.frame’: 2 obs. of 5 variables:

1 84

3.76 15.37

3.761 0.183

20.5 NA

1.91e-05 NA

[1:2] "summary.aov" "listof"

We actually want it as the output that appears in Console

> results_aov

pf Sum Sgq Mean Sq
sex 1 3.761 3.761
Residuals 84 15.374 0.183

Signif. codes: 0 “#*%*%' 0,001

F value Pr (>F)

20.55 1.91e-05 #®*

fe% 0,01 ‘%’ 0.05

.01 71



Basic R

save results to a file

1.- capture output as seen on screen: capture.output
results _aov <- summary(aov( ... ))

capture.output(results aov)

print_aov <- capture.output(results_aov)

2.- print to a file: 'cat’ with argument "file" and "sep"

cat(print_aov, sep="\n", file="aov_out.txt")



