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1. What is R?

Free, open-source software
A programming language

Modeled after S, a statistics language developed at Bell Laboratories in late
1980s

Originally developed at Univ. of Auckland in 1995

Written collaboratively by teams of volunteers

Broad suite of statistical methods

A scripting language; you can develop your own routines (scripts)
Used to quickly distribute new methods to a large audience

A system for data analysis and statistical modeling
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What can R do? Statistical methods

All basic estimators and hypothesis tests

Kendall trend tests

Multivariate methods, including those popular in ecology
Permutation tests

Time series methods for data closely-spaced in time

Methods for data with nondetects (the NADA and
EnvStats packages)
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3. Where can | get R software?

http://cran.r-project.org/ the “CRAN site”

For Linux, Windows and Mac OS
Download the binary version for your OS
Comes with guarantee that there are no viruses or malware

Accuracy assured for base package only. Authors responsible for
accuracy of packages

‘No one to call and yell at’ but wikis and mailing lists provide much
useful information and support

Will also find free and low-cost books (pdf) on the CRAN site
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How do | install R?
G

See the instructions in your
NONDETECTS AND DATA ANALYSIS
student Handouts folder 2 Practcal tats Course

Instructions for installing R software on Windows 0S

NOTE: PLEASE DO ALL 5 STEPS. Even if Ris already installed, the packages below
will need to be added. But using packages of a different version number than R itself
may cause problems, so it is best that the current version of R is freshly installed
evenif an older version already exists on your computer.

1. Install R. Go to http://cran.r-project.org/ . In the top box titled “Download and
Install R, select “Download R for Windows". Then select “base” and on the new
page, click the upper link "Download R 3.xx for Windows" to download the installer.
Click "Run" to start the installation.

2. Download and install R Studio. Go to http: io.org,
select RStudio Desktop. The website will determine what type of OS you are
running and recommend the appropriate platform version. Once downloaded,
install the software like any other on your system. If it doesn't automatically place a
shortcut/alias on your desktop, place one there.

3. Install additional R packages. R is modular - you install what you need.
Double-click the RStudio shortcut to start RStudio, It will open and show four
‘window panes'.

Pagelof2 4s3words (OX English (United States) @ Focus ® = = - > + 5%
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4. How do | get started?

Useful free information is available on the CRAN site. See the Contributed link on the left side.
There you'll find, among other items:

1. R for Beginners.pdf

2. R for Biologists.pdf

3. R Commander: An Introduction.pdf

4. Using R for Data Analysis and Graphics - Introduction, Examples and Commentary.pdf
5. Statistics Using R with Biological Examples

Two helpful documents for the first-time R user:

1. A Zero-Level Tutorial for Learning R http://galyardt.myweb.uga.edu/Papers/RTutorial-Level0.pdf

2. Simple R: stats using R by Verzani http://cran.r-project.org/doc/contrib/Verzani-SimpleR.pdf
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6. R Basics: the console window

 Lower left window in Rstudio

+ Type commands. Can cut and paste from an example file of
commands, or insert from the upper left script window in RStudio

+ Case sensitive. boxplot # Boxplot

» Assign results of a computation to an object (a ‘name’)
+ Type the object name to see contents

> result = log(12) + sqrt(25)

> result

[1] 7.484907
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R basics: Entering data by hand and

using built-in functions

Use the concatenate function c( ..... )

Assign the data vector to an object name with the arrow:

> Mydata <- ¢(2,5,10,16,27,46)

> mean(Mydata)

[1] 17.66667

> sd(Mydata) (R’s standard deviation function)
[1] 16.47625

You can combine many functions into an equation:

> Mysd <- sqgrt(sum((Mydata-mean(Mydata))”2/(length(Mydata)-1)))
> Mysd

[1] 16.47625

10

10

OPrac.ca.cvcicais o v o 5



Nondetects And Data Analysis 1. Getting Started

© PracticalStats.com “ <
R basics: the Help system

> ?boxplot
Finds any command from a package that is loaded.

Provides HTML files stored by the developers. All options available
for commands are listed. Links are provided to additional detail.

> ??bootstrap

Searches for the text string following ?? In all documentation, not just
packages that are loaded. Tells you what packages might contain
information on the string.

1

11
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> t.test(Total_N ~ Location) <€<—— (you type)
Welch Two Sample t-test
data: Total_N by Location
t = 0.029, df = 11.555, p-value = 0.9773
alternative hypothesis: true difference in means is not
equal to ©
95 percent confidence interval:
-2.081479 2.137479
sample estimates:
mean in group indust mean in group residen
1.666 1.638
12
12
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Stats with R: rank-sum test

> wilcox.test(TotN ~ Location) ° °
Wilcoxon rank sum test with ]

continuity correction

data: TotN by Location

W = 76.5, p-value = 0.04911 T )

alternative hypothesis: true : e

location shift is not equal to @ ° ' '

indust residen

13
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/. R Packages: Adding new methods

Insal Packages Fles Plots  Packages Help Viewer
Packages expand ot 11© updae
Install from: ?) Configuring Repositories
= Name Description version
. Repository (CRAN, USGS) B
th e ca p a b i | Itl es Of mlust Gaussian Mixture Modelling for Model-Based Clustering, Classification, and Density 542
Packages (separate multiple with space or comma): Estimation
\[’ws“u ‘ memoise Memoisation of Functions 1.1.0
R C urre ntly (2021 ) e 2 methods Formal Methods and Classes 352
. ENVStats i oy, mgev Mixed GAM Computation Vehicle with Automatic Smoothness Estimation 1.8-27
ILibrary, ions/3. o B mi Missing Data Imputation and Model Checking 1.0
there are over
(4 Install dependencles minivl Shiny Ul Widgets for Small Screens 0.1.11
1 0 O 0 0 a d d _O n minga Derivative-free optimization algorithms by quadratic approximation 124
) MLEcens Computation of the MLE for bivariate (interval) censored data 0.1-4
imstall || cancel
mnormt ‘The Multivariate Normal and t Distributions 1.5-5
packages forR. acenwen modetons Toosand Classes or Stastical Mot o2z
moments Moments, cumulants, skewness, kurtosis and related tests 0.14
v multcomp Simultaneous Inference in General Parametric Models 1.4-8
multcompView Visualizations of Paired Comparisons 0.1-7
munsell Utilities for Using Munsell Colours 0.5.0
I t | I k 1 th I MVN Multivariate Normality Tests 56
nstall packages using the lower e
0 - . v mvtnorm Multivariate Normal and t Distributions 1.0-8
right pane of Rstudio. with the o o Randstct ad Dat Anslyts for ol Dt 161
I nime Linear and Nonlinear Mixed Effects Models 3.1-137
nloptr R Interface to NLopt 121
Packages tab. Or use the e Foma TR il T
R . 7 nortest Tests for Normality 1.0-4
Load | i bS R SCri pt npsurv Nonparametric Survival Analysis 0.4-0
- - numDeriv Accurate Numerical Derivatives 2016.8-1
openss| Toolkit for Encryption, Signatures and Certificates Based on OpenSSL 12.1
openxlsx Read, Write and Edit XLSX Files 4.1.0
parallel Support for Parallel computation in R 35.2
pbkrtest Parametric Bootstrap and Kenward Roger Based Methods for Mixed Model Comparison 0.4-7
pcaPP Robust PCA by Projection Pursuit 1.9-73

14
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The 15 packages to install for this course

bestglm car cenGAM EnvStats
fitdistrplus Kendall mgcv multcomp
NADA nlme perm rms

survminer vegan NADA2

15

15
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8. Rstudio: the Four ‘Panes’

Script files, View Data Sets Data Sets, Variables description

o - = & Project: (None) -
| Pyrethroids2 x| ] R data sets. Jzinex | @JrosRx  @ImleRx [ Envionment History =0
a <% [ _#Import Dataset~ 3 Clear (& List~
Data sets in package ‘datasecs’: |2 @ clobal Environment-
[ Data -
Mrpossengers  Momthly Adrline Pessenger Bumbers 27 obs. of 18 variables @l
BJsales Sales Data with Leading Indicator 24 obs. of 2 variables g
Bisales.lead (BJsales) 423 obs. of 10 variables @
Sales Data with Leading Indicator S6 obs. of 2 variables @
B0D Biochemical Oxygen Demand .
co2 Carbon Dioxide Uptake in Grass 247 obs. of 7 variables a8
Plancs 117 obs. of 6 variables @
Chickieight Weight versus age of chicks on 2 obs. of 2 variables @
different diets & -
Console //psf/Home/Documents, (7 Files Plots Packages Help Viewer =0
. I e Ol Install Packages @ Check for Updates ]
R version 3.0.2 (2013-09-25) -- "Frisbee sailing
Copyright (C) 2013 The R Foundation for Statistical computing ] abind Combine multi-dimensional £
platform: 1386-w64-mingw32/i386 (32-bit) —— ‘
ace() and avas() for selecting 3
R is free software and comes with ABSOLUTELY NO WARRANTY. [ scepack RN e
 come h 0 ¥ gression transformations
You are welcome to redistribute it under certain conditions.
Type ‘Ticense()' or ‘licence()' for distribution details. Analysis of Ecological Data :
] adet Exploratory and Euclidean 162
R is a collaborative project with many contributors. s methods in Environmental
Type "contributors()’ for more information and sciences
“citation()’ on how to cite R or R packages in publications.
o] 2 g P [ adedThGUI Iari::f::\eﬁkﬁvaphl(i\ User 026
Type ‘demo()’ for some demos, ‘help()' for on-line help, or
‘help.start()" for an HTML browser interface to help. [ AR Applied Econometrics withR 121
e 'q0)’ to quit R.
Type 'a0 a B sima Incrpolation of incgary 0511
[workspace loaded from ~/.RData] P
Data to accompany Applied
> O a3 Unear Regression 3rd edition. 20>
Another Multidimensional
O amy Analysis Package L2
Statistical analysis of surveys 5
R | B anchors with anchoring vignettes 307
console Analyses of Phylogeneticsand 5 1
O zpe Evolution 20 (&
Plots, packages, Help

16
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Three steps to start using RStudio

1. Start up Rstudio
2. Set the working directory

3. Load the course packages using 1 of 2 methods:

a) Click the boxes next to each of the 15 packages
(use the Packages tab in lower right Pane)

b) Run the Loadlibs.R script (much faster)

17

17
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R basics: Run a Script

R is widely used in academia and industry all around the world.

New scripts (i.e. programs, macros) are written by users. If they go
beyond their own use, they can be compiled into packages.

Scripts that come with our courses make complex procedures in R
easier to do. To run a script file with RStudio, go to

Code > Source file
and select the script file. Here we select Loadlibs.R

® |.

18
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Remember this!

Attach to the data set. It reduces typing!
> attach(DataSetName)

Makes a loaded data set available to user-written scripts and
typed commands without typing the data set name each time.

Without attaching, a variable is referred to as
DataSetName$VariableName

After attaching, just type VariableName
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19
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The RStudio Demo
The Three Steps to Start Using RStudio Then we will:
1. Start up RStudio 1. Read in a data set
2. Set the working directory 2. View the data set
Session > Set working directory
> Choose directory 3. Attach to the data set
3. Load the course packages 4. Compute the mean of
Code > Source file ) .
and select Loadlibs.R a variable
OR check the boxes next to all 15 packages
required.
20
20
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