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Entries in bold are R functions

-1 remove the intercept from a model, 333
remove the intercept in model.matrix, 193

- deletion of an explanatory variable, 331
* inclusion of main effects plus interactions

between explanatory variables, 331
/ nesting of an explanatory variable, 331
: inclusion of interactions between explanatory

variables, 331, 649
\\ double backslash in file path definitions, 98
� given nested explanatory variables, 331
+ inclusion of an explanatory variable, 331
== double equals for logical equals, 27
== testing for equality of real numbers, 77
3:1 Mendel’s peas, 552
I (upper case i) include “as is” in the model

formula, 332
! factorial definition, 206, 242
! factorial, 11
! (not) drop rows from a dataframe, 118

not operator, 15
! factorial introduction, 206
! the not operator,

testing types, 88
!= logical not equals function, 27
!duplicated same as unique, 125
!is.na not missing values, 84
!is.numeric testing, 88
#RRGGBB string specification of colour

(red,green,blue), 855
$, 16

component selection, 341
dataframe name and variable name, 100, 166
extracting information from model objects,

359
last character searching, 80

$ element name operator for indexing lists, 15
trailing blanks, 86

%% in calculating medians, 48
%*% matrix multiplication, 260
%a abbreviated weekday name, 92
%A full weekday name, 92
%b abbreviated month name, 92
%B full month name, 92
%c date and time, locale-specific, 92
%d day of the month as decimal number

(01-31), 92
%H hours as decimal number (00-23) on the

24-hour clock, 92
%I hours as decimal number (01-12) on the

12-hour clock, 92
%in% comparing sets, 78

introduction, 84
nesting in model formulae, 332

%j day of year as decimal number (001-366),
92

%M minute as decimal number (00-59), 92
%m month as decimal number (01-12), 92
%p am/pm indicator in the locale, 92
%S second as decimal number (00-61)

allowing for two “leap seconds”, 92
%U week of the year (00-53) using the first

Sunday as day 1 of week 1, 92
%W week of the year (00-53) using the first

Monday as day 1 of week 1, 92
%w weekday as decimal number (0-6, Sunday

is 0), 92
%x date, locale-specific, 92
%X time, locale-specific, 92
%Y year with century, 92
%Z time zone as a character string (output

only), 92
& logical and operator, 15
&& logical and with if, 27
( ) functions, 147
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( ) prints an evaluated allocation on the screen,
68

* multiplication operator, 15
. (dot) the “anything” character in searches, 81
.Call compiled C code to manipulate R objects,

8
.External compiled C code to manipulate R

objects, 8
.Internal call C code, 8
.packages with data, 19
.Primative call C code, 8
: create a sequence, 15, 649

sequence generation, 29
; multiple expressions on one line, 10
; field separators in the input file read.csv2,

100
? help, 2
[ ] subscripts, 14

subscripts on dataframes, 111
subscripts and indices introduced, 20

[[ ]] lists, 65
[ ,3] all the rows in column 3 of a dataframe,

112
[4, ] all the columns in row 4 of a dataframe,

112
[C-E] groups of characters in searches, 80
\a bell, 101
\b backspace, 101
\f form feed, 101
\n new line in printed output, 101, 55
\r carriage return, 101
\t removal with strsplit, 106

tab character, 101
\v vertical tab, 101
^ calculating roots, 49

first character search, 79
to the power operator, 15

{ } curly brackets, 47
{,5} up to five, 81
{5,} five or more, 82
{5} repeat number in pattern searches, 81
� conditioning operator, 171

given operator, 15
logical or operator, 15

� “given” conditional scatterplot, 836
� (logical OR) testing for the margins in a

random walk, 815
�� logical or with if, 27
∼ tilde operator, 15

model formulae, 329
∼ . - (tilde dot minus) log-linear models,

554
in model simplification, 334

<- assignment, 15
> prompt, 2
… triple dot arguments, 65
1 (parameter 1) the intercept in R, 333

10 year cycles lynx, 727
spectral analysis, 718

1st quartile data summary, 281
25th percentile box and whisker plot, 155

using summary, 110
3-D plots in gam example, 625
3-dimensional plots akima, 843

aspect, 845
contour, 843
distance, 845
filled.contour, 845
globe by wireframe, 847
image, 843
interp, 843
introduction, 842
light.source, 845
persp, 845
screen, 845
shade, 845
shade.colors, 845
volcano, 845
wireframe, 845

3-parameter logistic, 203
equation, 662

3rd quartile data summary, 281
4.5i complex numbers, 11
4-parameter logistic, 203

equation, 662
50th percentile using summary, 110, 281
75th percentile box and whisker plot, 155

using summary, 110, 281
9:3:3:1 Mendel’s peas, 550
� infinity, 195

a regression intercept, 387
a posteriori contrasts, 368
a priori contrasts, 368

competition, 371
abline in analysis of covariance, 491

influence, 345
for a linear model, 136
panel.abline, 837

abline(“h”=) draw horizontal lines, 819
abline(“v”=) draw vertical lines, 819
abs absolute value function, 23

absolute values of the exponent, 210
absolute value

absolute value function abs, 23
instead of squares in parameter

estimation, 72
accuracy

53 binary digits default in R, 77
ACF plot the autocorrelation structure of a

mixed effects model, 646
acf autocorrelation function, 705

multiple time series, 719
random walk, 725
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SilwoodWeather, 712
simulated time series, 722

acf(type=“p”) multiple time series, 719
partial autocorrelation function, 705
SilwoodWeather, 712

acknowledgements, viii
acos inverse cosine function, 11
acosh inverse hyperbolic cos function, 11
actuaries

survival analysis, 791
add columns to an object

cbind, 37
add rows to an object

rbind, 37
adding points to a graph

with points, 136
adding shapes to a graph, 146
additivity

model mis-specification, 356
scale of measurement, 327

adj text justification, 851
adjoint matrix, 263
adjusted p values

multcomp, 486
pairwise.t.test, 483
TukeyHSD, 483

adjusted r squared
definition, 399
extracting from a model summary, 362

age at death
censoring, 801
exponential distribution, 231
survival analysis, 324

age-at-death data
Gamma errors, 512
introduction, 787

age dependent
risk of death, 792

age effects
longitudinal data, 474

age-specific hazard models
introduction, 794

age-specific mortality
survival analysis, 791

aggregate groups of row sums, 36
summarizing the contents of a dataframe, 132

aggregated
point processes, 749

aggregated patterns
quadrat based counts, 760

aggregating data over explanatory variables
dangers with contingency tables, 553

aggregation
negative binomial distribution, 252
Ripley’s K, 754
runs test on binary data, 75
variance mean ratio, 538

AIC Akaike’s information criterion, 353
in analysis of covariance, 499
binary response variable, 601
calculation, 354
complex analysis of covariance, 501
coxph, 808
in gls models, 782
time series models, 728

Akaike’s information criterion
introduction, 353

akima installing the library, 5
package for interpolation, 843

aliased parameters
piecewise regression, 428

aliasing
introduction, 380

all, 25
all.effects effect sizes, 178
all=T merge all the rows of two dataframes,

129
along to remove missing values, 14

in sequence generation, 30
alpha

multiple comparisons, 482
Type I error rate, 305

alphabetical order
over-riding this for ordered factor levels, 382

am/pm indicator in the locale
%p, 92

analysis of covariance
both continuous and categorical explanatory

variables, 323
common x values, 508
compared with mixed models, 654
and experimental design, 500
introduction, 489
with proportion data, 581
separate regressions, 505
y~age*sex, 330

analysis of deviance
count data, 529

analysis of variance
categorical explanatory variable, 323
interpreting the summary.lm table, 366
introduction, 449

ancova
binary response variable, 598
both continuous and categorical explanatory

variables, 323
ancovacontrasts

dataframe, 505
and, &, 15

with if is &&, 27
angle for viewing perspective plots, 845
anisotropy

introduction, 775
ann annotation of graphs, 851
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annotation of graphs
ann, 851

Anolis lizards
complex contingency tables, 560
sorting and shortening the lizards dataframe,

585
anonymous function

in apply, 69
introduction, 67
standard errors with tapply, 184

anova categorical explanatory variable, 323
comparing linear and quadratic models,

406
comparing mixed effects models, 635
comparing two nonlinear regressions, 663
factor-level reduction, 503
L argument to anova in gls models, 785
log-linear models, 555
mixed models with different fixed effects,

653
model simplification in contingency table

analysis, 559
for piecewise regression, 428
regression with pure error, 416
survival data, 803
y~factor, 330

anova, one-way
plot with TukeyHSD, 160

anova table
in analysis of covariance, 495
one-way anova, 456
regression, 396

anova with no intercept
y~factor-1, 330

anova(model1,model2) compare two or more
models, 350

anova(test=“Chi”) binary response variable,
601

simplifying contingency tables, 561
antilogs

geometric mean from the average of the
logarithms, 49

any, 25
any logical test, 607
anything

the . (dot) character in searches, 81
aov analyzing the rats data the correct way,

477
with Error, 470
multiple error terms, 333
one-way anova, 457
summary of the statistical model, 349

aov and lme compared, 636, 644
aperm transpose an array by permuting its

dimensions, 565
appearance

R is like S, vii

apply anonymous function, 69
calculate row or column means, 36
counting the NA cases in each variable of a

dataframe, 120
ifelse, 817
introduction, 68
for row or column totals, 69
with sample, 37
shuffling the rows with sample, 69
for square roots, 69
standard deviations of columns, 191
using sweep, 39

apropos find function names, 2
AR(1)

simulated time series, 722
time-series analysis, 726

arcsine transformation
percentage data, 570

argument list
to a function, 47
with switch, 63

argument matching
introduction, 64

arguments
lazy evaluation, 67
optional, 64
order in a function call, 76

Arial font
material on the command line, 10

arima autoregressive operator, 726
differences, 726
moving average, 726
time series models, 726

arithmetic
command line calculations, 9
with infinity, 13

arithmetic mean
function, 48

ARMA
time-series analysis, 726

array
convert a vector of counts to an array,

558
using dim, 558
introduction, 40
subscripts, 20
type, 87

arrows add an arrow to a plot, 146
on a distribution function, 208
introduction, 147
keyboard for editing, 9
to make error bars, 57
on phase planes, 834
square ends for error bars, 147

as is, in a model formula
I (upper case i), 332

as.array coercing an object to an array, 87
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as.character adding text to a map, 144
in barplot, 57
coercing an object to a character string, 87
with grep, 79
names for barplot, 244
to sort on dates, 126

as.complex coercing an object to a complex
number, 87

as.data.frame coercing an object to a
dataframe, 87

introduction, 124
table objects, 190

as.data.frame.table convert a table to a
dataframe, 559

shortened dataframes, 187
as.difftime to create POSIXlt dates and times,

93
formatting dates and times, 91

as.double coercing an object to a double
precision number, 87

as.factor coercing an object to a factor, 87
as.is to prevent text being coerced to factors

with read.table, 100
as.list coercing an object to a list, 87
as.logical coercing an object to a logical

variable, 87
as.matrix coercing an object to a matrix, 87

contingency tables, 309
as.numeric with characters, 87

coercing an object to numeric, 87
coercion, 43
with dataframes, 103
for different coloured points, 491
difftime, 91
identifying individual points, 141
introducing unwanted NA, 106
plot for complex analysis of covariance,

504
as.raw coercing an object to a raw number, 87
as.ts coercing an object to a time series, 87
as.vector in barplot, 57

coerce an object to a vector, 17
coercing an object to a vector, 87
with grep, 79
from tapply, 463

asin inverse sin function, 11
asinh inverse hyperbolic sin function, 11
ask control of next graphic, 7

delay the next graph, 851
aspect 3-dimensional plots, 845
assigning to variable names

good practice, 101
assignment operators

in R using gets <-, 15
assocplot contingency table plots, 564
assumptions

linear regression, 389

asymptotic exponential, 202
compared with Michaelis Menten, 664
equation, 662

asymptotic regression model
self-starting nonlinear functions, 674

asymptotic regression model through the origin
self-starting nonlinear functions, 674

asymptotic regression model with an offset
self-starting nonlinear functions, 674

asymptotic relationship
introduction, 201
Michaelis Menten, 200

asymptotic value
behaviour at the limits, 662

at location of tic marks using axis, 834
atan inverse tan function, 11
atanh inverse hyperbolic tan function, 11
attach as an alternative to with, 18

dataframe, 109
duplication warning, 100
protocol for this book, 20

attr lengths of strings with regexpr, 87
attributes introduction, 34
attributes of a model summary object

attr, 361
augPred nonlinear time series models, 672

plot families of nonlinear functions, 669
auto.key legend, 842
autocorrelation

introduction, 702
autocorrelation, spatial

variogram, 774
autoregressive (AR) models

time-series analysis, 726
autoregressive moving average (ARMA)

models
time-series analysis, 726

autoregressive operator
order in arima, 726

average
of proportion data, 580

average proportions
subscripts on vectors, 556

averaging away pseudoreplication in time
series, 716

avoiding using loops
introduction, 61

axes
limits of the current axes from par(“usr”),

847
suppress tic marks and labels on the axes,

146
xaxt=“n” no x axis to be drawn, 819
yaxt=“n” no y axis to be drawn, 819

axes only, no points or lines
type=“n”, 68

axes=FALSE do not draw the axes, 851
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axis 1 = bottom, 834
2 = y (left), 834
3 = top, 834
4 = right, 834
location of tic marks using at, 834
multiple graphs on top of each other, 867
non-standard labels, 834
non-standard tic marks and labels, 832
tick mark locations and labels, 852

axis labels
with subscripts and superscripts, 831

axis labels in functions
deparse(substitute), 179

axis numbers
1 = bottom, 851
2 = left, 851
3 = top, 851
4 = right, 851

azimuthal direction
theta, 845

b maximum likelihood estimate, 393
regression slope, 387

b.boot function, 419
back-transform the predictions from glm

type=“response”, 535
back-transformation

logits to proportions, 579
background

screen colour, 6
background colour for plots

bg, 852
backspace

\b, 101
bacteria

dataframe, 604
dataframe in MASS, 19
MASS library, 604

balls in urns
hypergeometric distribution, 247

bandwidth
for density estimation, 164

barchart as lattice plots, 175
panel barplots, 838

barplot analysis of deviance with count data,
533

beside=T, 466
binomial distribution, 243
competition experiment, 158
complex plot layouts, 862
dpois, 537
with error bars, 56, 462
frequency distribution data, 537
histogram of the hypergeometric distribution,

248
histogram of the multinomial distribution,

249

locations of bars on the x axis, 257
names using as.character, 244, 257
negative binomial distribution, 252
observed and expected frequencies from a

negative binomial pattern, 761
with two or more classes of bars, 256

barplots for observed and expected frequencies,
257, 538, 762

Bartlett test
constancy of variance, 291

bartlett.test constancy of variance, 291
market garden ozone, 293

base of logarithms, 196
base package

libraries, 4
BCa

bias-corrected accelerated intervals, 420
myboot, 322

behaviour at the limits
nonlinear regression, 661
values of y when x is zero and infinity,

195
bell

\a, 101
bell-shaped curves, 210

equation, 662
Bernoulli distribution

binary response variable, 594
introduction, 242

best
prune.tree, 692

best-fit of the model
maximum likelihood, 324

best linear unbiased predictors
BLUP, 631

beta beta distribution, 208
beta distribution

introduction, 231
bg background colour for plots, 852
BH p value adjustment, 485
bias-corrected accelerated intervals

BCa, 420
biexponential model

equation, 662
introduction, 205
self-starting nonlinear functions, 674

bin widths
for generating a smooth overlay on a

histogram, 214
binary

53 binary digits default in R, 77
binary data

binomial errors, 512
runs test on binary data, 75

binary distribution of R, 1
binary numbers

using while, 60
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binary recursive partitioning
tree models, 686

binary response variable, 594
ancova, 598
box-and-whisker plot, 599
introduction, 593
lmer, 605
logistic regression, 324

binom binomial distribution, 208
binom.test 2-class table, 549

one versus two argument versions, 549
sign test, 300
two-argument version, 550

binomial
as a limiting case of the hypergeometric, 248
mean and variance, 243

binomial coefficients
choose, 11, 207

binomial denominator
introduction, 569

binomial distribution
dice games, 215
introduction, 242
plot of the variance against the mean, 571

binomial errors
analysis of covariance, 582
binary response variable, 595
deviance, 516
generalized linear mixed models, 590
overdispersion, 522
Schoener’s lizards re-analysed, 586
standardized residuals, 520

binomial variance
definition from expectations, 242

bins
definition in histograms, 162
integer bins in panel histogram, 841
using the cut function, 241

bioassay
dataframe, 576
dose.p, 577
test in glm, 576

biodiversity
effects on invertebrates, 298

biomass
competition, 370

biplot
prcomp, 733

births
Leslie matrix, 265

blank
in factor level names, 98
remove trailing blanks with $, 87
searching character strings, 80
in variable names, 98

blank spaces
prohibited in variable names, 30

blank subscripts
on dataframes, 112
to mean “all of”, 20

blocking
advantages of paired samples, 299

blocks
split-plot experiments, 470

bloodcells
dataframe, 556

blowflies
time series analysis, 701

blowfly
dataframe, 701

BLUP
best linear unbiased predictors, 547, 631
effect size, 644

body mass
gamma distribution, 230

bold
font, 857

bold italic
font, 857

bonferroni p value adjustment, 485
boot background, 322

bootstrap for nonlinear regression, 683
with a glm, 523
introduction, 320
library, 320
library function, 420

boot.ci bootstrap for nonlinear regression,
684

bootstrapped confidence intervals, 420
with a glm, 525
myboot$t, 322

bootstrap
confidence interval, 319
data selection with replacement, 681
introduction, 284
with regression, 418
shuffling residuals, 681
slope, 419

bootstrap for nonlinear regression
sample(replace=T), 682

bootstrapped regression
nonlinear regression, 681
resampling data points, 420
shuffling residuals, 420

bootstrapping a glm, 523
bottom axis

axis 1, 834
bound symbols, 64
bounded

proportion data, 569
bowens

dataframe, 143
box

dataframe, 159
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box occupancy map, 817
box-and-whisker plot

binary response variable, 599
box data, 159
competition experiment, 156
data summary, 280
introduction, 155
market garden ozone, 295
with notches to show significance, 156
one-way anova, 461
Silwood Weather, 156
simulation experiment on age at failure,

789
box around the plot

bty, 852
Box-Cox transformation

introduction, 336
boxcox MASS library, 336
boxplot competition experiment, 157

data summary, 280
market garden ozone, 295
with notch=T, 159, 295
using with, 19

brackets
incomplete lines, 2

BrBG palette in RColorBrewer, 856
break leaving a repeat loop, 59

at the margin in a random walk, 815
break points for histogram bins, 162
breaks bin widths for hist, 215

to get integer bins for count data, 251
overlay on a histogram, 220
panel histograms, 841

Brewer
RColorBrewer package, 856

Brownian motion
Cauchy distribution, 233

browse file names for input
file.choose, 99
use file.exists to check location,

101
bty box around the plot, 852
bty=“]” all but left, 852
bty=“7” top and right, 852
bty=“c” all but right, 852
bty=“l” left, 852
bty=“n” no box, 852
bty=“o” all, 852
bty=“u” all but top, 852
bubble function, 180
bubble plots

introduction, 179
bubble.plot function, 179
bubbles

points with different cex, 853
built-in data files

data(), 102

built-in dataframes
HairEyeColor, 564
UCBAdmissions, 565

built-in functions, 10
bwplot box and whisker trellis plots,

175
of the Daphnia data, 176
as lattice plots, 175
panel boxplots, 837

by summarizing the contents of a dataframe,
132

like tapply for applying a function like mean
over the levels of a named factor for a
whole dataframe, 110

BY p value adjustment, 485
by eye

regression, 388
by.x and by.y when the same variable has

different names in two dataframes to be
merged, 130

byrow=T in defining matrices, 34

c concatenate character strings (see also paste),
44

concatenation, 15
C cubic contrast in contr.poly, 382
C++ linking to, 7
calculations from the normal distribution, 211
calculations with dates and times, 90
calculator

the prompt line, 9
calculus

introduction, 274
cancer

dataframe, 802
canonical link functions

generalized linear models, 514
capitalization, 86

using gsub, 82
car package on CRAN, 424
car.test.frame

dataframe, 689
carriage return

\r, 101
case independent searches, 81
case sensitivity in R, 30
cases

dataframe, 536
rows in a dataframe, 107

cat printed output, 55
categorical explanatory variables

classification tree, 693
analysis of variance, 449

categorical variables
choosing the right test, 323
plots introduced, 154

cauchy cauchy distribution, 208
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Cauchy distribution
introduction, 232

cbind add columns to an object, 37
adding columns to a dataframe, 126, 131
contrasts, 371
cross correlations of time series, 718
in matrix notation, 271
response matrix for manova, 487
response matrix for proportion data, 569
Schoener’s lizards re-analysed, 586

ceiling, 12
in calculating medians, 48
smallest integer > x, 11
Tukey’s five numbers, 281

cells
dataframe, 529

censoring
introduction, 801

censoring indicator
introduction, 795, 801

central
function, 63

central limit theorem
introduction, 213

central tendency
function using switch, 63

cex character expansion for plotting symbols
(relative to 1), 853

character size for text on a plot, 142
size of plotting characters, 827

cex.axis size on numbers on axes tic marks,
827

cex.lab size of text labels on axes, 827
Chambers, John

the design of S, viii
changing the look of graphics, 827
chaos

simulation models, 811
character

in lists, 73
object definition, 45
result of applying a numeric function, 74
type, 87

character expansion for plotting symbols
(relative to 1)

cex, 853
character rotation

srt, 869
character sizes in plots

cex, 827
character sizes in plots

cex.axis, 827
cex.lab, 827

character strings
extracting part of a string, 45
introduction, 43
remove the quotes with noquote, 44

splitting with strsplit, 46
substituting text, 82

characteristic equation, 264
characters

as.numeric, 87
charmatch searches a vector of strings for

exact character matches, 83
checking values, 13
chi-squared

confidence interval for sample estimates,
223

critical value, 304
chi-squared contingency tables

count data, 301
degrees of freedom, 304
introduction, 549

chi-squared distribution
critical values, 221
introduction, 222
special case of gamma distribution, 229

chicks
dataframe, 678

children
numbers of boys and girls, 550

chisq chi-squared distribution, 208
chisq.test 2-class table, 549

chi-squared contingency tables, 305
matrix form, 552
rescale.p=T, 551
with table, 307

chisq.test(correct=F) do not use Yates’
continuity correction, 306

choose binomial coefficients, 11, 207
binomial distribution, 243

choosing the best model
introduction, 324

choosing the right test
introduction, 323

chron installing the library, 5
chull convex hull, 829
ci.lines function, 414
circles, drawing

bubble, 180
citation, 1
citing R in publication, 1
Clark and Evans

test for complete spatial randomness, 754
class, 44

of dataframe rows and columns, 112
introduction, 34
using lapply, 74
in lists, 73
locator, 147
scan creates a list not a dataframe, 103
ts for time series data, 167

class of neighbour object in spdep
nb, 769
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classical tests
introduction, 279

classification tree
categorical explanatory variables, 693
tree models, 688

click
using the locator function, 138

click.arrows function to position an arrow
using locator, 147

clipboard
pasting from R into a spreadsheet, 77

clipping
competition, 370

close to significance
caution, 328

close.screen remove a screen definition, 863
closest values

using which, 23
cloud as lattice plots, 175
clumping

point processes, 749
cluster

dataframe, 528
cluster analysis

background, 738
introduction, 731

coef lmList, 651
parameters for families on non-linear

functions, 670
coef(model) coefficients of the model, 350

regression, 360
coefficients for orthogonal polynomials, 384
coefficients of the model

coef(model), 350
coercing an object to an array

as.array, 87
coercing an object to a character string

as.character, 87
coercing an object to a complex number

as.complex, 87
coercing an object to a dataframe

as.data.frame, 87
coercing an object to a double precision

number
as.double, 87

coercing an object to a factor
as.factor, 87

coercing an object to a list
as.list, 87

coercing an object to a logical variable
as.logical, 87

coercing an object to a matrix
as.matrix, 87

coercing an object to numeric
as.numeric, 87

coercing an object to a raw number
as.raw, 87

coercing an object to a time series
as.ts, 87

coercing an object to a vector
as.vector, 87

coercion
as.vector, 17
of logical variables, 25
NaN to NA, 13
result of applying a numeric function,

74
and testing, 87

coexistence
simulation models, 818

cohort effects
longitudinal data, 474

col.axis colour for axis notation, 856
col.lab colour for x and y labels, 856
col.main colour for main title of graph,

856
col.names using write.table, 76
col= argument to plot, 136

with as.numeric, 141
col=“red”, 855
colatitude

phi, 845
cold spots

spatial autocorrelation, 774
collapsing over the margins

dangers with contingency tables, 553
colMeans, 36

adding columns to a dataframe, 131
column means of a matrix, 17

colnames, 37
for a matrix, 35

colon :
separator for times, 91

colon : interaction 649
sequence generation, 29

color.pics function, 856
colors() function providing the names of 657

colours, 854
colour

different points in different colours,
142

different points on a graph, 491
fill in a shape using polygon, 146
hexadecimal string, 854
input and output lines, 6
introduction, 854
names of 657 colours, 854
with polygon, 148
polygon, 830
rainbow palette, 466
for selected points, 348
string of the form #RRGGBB, 855
by subscript from a palette, 854
symbols on a scatterplot, 136
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colour Brewer
RColorBrewer package, 856

colour for axis notation
col.axis, 856

colour for main title of graph
col.main, 856

colour for subtitle of graph
sol.sub, 856

colour for x and y labels
col.lab, 856

colour in barplots with observed and expected
frequencies, 538

colour with histograms, 858
colouring part of an object

with polygon, 148
colours

different points on a graph, 650
colours by number

plotting symbols, 139
colSums, 36

column sums of a matrix, 17
prop.table, 191

columbus
spdep dataframe, 773

column means of a matrix, 36
colMeans, 18

column order
changing the order of columns in a

dataframe, 115
column subscripts

the second of two subscripts, 20
column sums of a matrix

colSums, 18
columns

[3, ] for all columns of row 3, 21
proportions, 191
using scale so columns sum to zero, 191
variables in a dataframe, 107

columns from a dataframe, 112
using subset, 127

columnwise data entry in matrices, 41, 258
combinations

binomial coefficients with choose, 11
combinatorial formula

binomial distribution, 207, 242
command line, 5

calculations, 9
common factors

factor analysis, 735
common slope

in analysis of covariance, 495
common x values

analysis of covariance, 508
compare two or more models

anova(model1,model2), 350
comparing fixed effects

method=“ML” in lme, 635

comparing observed and expected frequencies,
256

comparing two means
introduction, 293
Student’s t test, 294

comparing two proportions
prop.test, 301

comparing two sets
%in%, 79
setequal, 78

comparing two variances
Fisher’s F test, 224

compartment models, 205
competition

dataframe, 56, 370, 461
competitive exclusion

simulation models, 818
compexpt

dataframe, 156
compiled code, 8
complete spatial randomness, 749

Clark and Evans test, 754
from ppp object, 766
Ripley’s K, 754

complex
type, 87

complex contingency tables
Schoener’s lizards, 560

complex numbers
notation, 11

complex plot layouts, 862
component selection

$, 341
Comprehensive R Archive Network see CRAN
computationally intensive methods

tree models, 685
concatenation

c, 15
for data input, 97
for growing vectors is very slow, 63
of variables, 450

conditional scatterplot
xyplot, 836

conditioning plots
coplot, 171
layout, 838

conditioning variable
in trellis graphics, 173
xyplot, 174

confidence interval
exact binomial test, 549
introduction, 54
market garden ozone, 296
parametric and bootstrap compared, 320
for predicted values in regression, 413
sample variances, 223
t and normal compared, 228
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confidence intervals for parameter estimates
confint(model), 399
different kinds of bars contrasted, 463

configuration editor
RGui, 6

confint(model) linear regression, 399
constancy of variance

assumptions of linear regression, 389
Bartlett test, 291
Fligner-Killeen test, 291
homoscedasticity, 291
model mis-specification, 356
scale of measurement, 327

contingency
introduction, 301
loss of 1 degree of freedom, 258

contingency table or binary response variable,
594

contingency table plots
aperm, 565
assocplot, 564
fourfoldplot, 567
mosaicplot, 565

contingency tables
conversion to proportion data, 584
degrees of freedom, 304
G test, 306
generate levels using gl, 567
interaction terms, 553
introduction, 302, 549
margin.table, 564
plot methods, 564
Schoener’s lizards, 560

contingency tables displayed
ftable, 558

contingency tables with low (<5) expected
frequencies

Fisher’s exact test, 309
continuation

long calculations, 9
to next line with +, 2

continuity correction
chi-squared contingency tables, 305
Wilcoxon signed rank test, 284

continuous explanatory variables
interactions, 331

continuous probability distributions, 207
continuous response variable

linear models, 324
continuous variables

choosing the right test, 323
cut function to convert from continuous to

categorical variable, 62
split, 581

continuous variables as random effects, 652
contour overlay on image, 843
contourplot as lattice plots, 175

contr.poly compared with polynomial
regression, 383

orthogonal polynomial contrasts, 381
contrast coefficients

introduction, 369
orthogonal, 369
sum to zero, 368

contrast sum of squares
formula, 370

contrasts analysis of variance, 366
coefficients for orthogonal polynomials, 384
complex analysis of covariance, 504
differences between means, 366
introduction, 368
L argument to anova in gls models, 785
a priori contrasts, 371
two-way anova, 468

contrasts=c(“contr.helmert”,”contr.poly”),
378

contrasts=c(“contr.sum”,”contr.poly”), 380
contrasts=c(“contr.treatment”,”contr.poly”),

374, 377
convert a table to a dataframe

as.data.frame.table, 559
convex hull

chull, 829
Cook’s distance

example, 359
influence testing function, 347
in regression, 401

coordinates
nearest neighbours, 750
set up data from the spatial library, 757

coplot introduction, 171
NOX example, 621

copy and paste from Excel
with scan, 98

cor correlation between two vectors, 17
covariance, 239

cor(x,y) correlation coefficient, 311
cor.test Pearson’s product-moment correlation,

313
Spearman’s rank correlation, 315

corAR1 nonlinear time series models, 671
update, 647

corARMA autocorrelation structure of a mixed
effects model, 646

update, 647
core team

R developers, viii
coxph spatial covariance, 781
corGauss spatial covariance, 781
corners function to position a rectangle using

locator, 147
corRatio spatial covariance, 781
corrected sums of squares and products

regression, 391
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corrected sums of squares in one-way anova,
452

correction term
in hierarchical designs, 477

correlated errors
mixed effects models, 627, 645

correlated explanatory variables
non-orthogonal data, 328

correlated random numbers
multivariate normal distribution, 237

correlation
paired samples, 298
between powers of x, 383
scale dependence, 314
serial, 279
the variance of a difference, 312

correlation and covariance
introduction, 310

correlation between time series, 718
correlation between two vectors

cor, 17
correlation coefficient

and covariance, 239
definition, 310
and r squared, 395
in terms of variance of the difference, 313

correlation of explanatory variables
multiple regression, 434, 448

correlation, partial, 312
correlogram ragwort data, 776
correlogram

spatial autocorrelation, 775
corSpher spatial covariance, 781
corStruct classes, 646
corSymm spatial covariance, 781
cos, 10

drawing circles, 180
SilwoodWeather, 710

cos(x) polynomial approximation, 403
cosine

graph of, 197
cost-complexity measure

model simplification with tree models, 690
count characters in strings

nchar, 44
count data

analysis of deviance, 529
bounded below, 527
chi-squared contingency tables, 301, 549
conversion to proportion data, 584
export data from R, 77
family=poisson, 527
introduction, 527
link=log, 527
non-constant variance, 527
non-normal errors, 527
Poisson errors, 515

square root transformation, 206
zero a common value of the response,

527
count data as response variable

log linear models, 324
count data on proportions

introduction, 570
counting

using table, 17
counting cases

with sum of a logical variable, 753
counting characters in a vector of strings

gregexpr, 83
counting words

using table with strsplit, 46
counts

maps of quadrat based counts, 759
in quadrats, 750

coupled differential equations
odesolve, 275

coupled map lattice
host-parasite interaction, 823

Courier New font
output lines on the screen, 10

covariance
and the correlation coefficient, 239

covariance and correlation
introduction, 310

covariates
choosing the right test, 323

covariogram
spatial autocorrelation, 775

coxph compared with survreg, 807
function in survival analysis, 799
survival data, 807

Cox’s proportional hazards model
example, 799
introduction, 796

CRAN, 1
craps

game with two dice, 215
create a sequence

the : operator (colon), 15
create a table of dummy variables

model.matrix, 192
creating factor levels, 28

rep, 187
critical value

chi-squared, 223, 304
Fisher’s F, 225
Fisher’s F test, 289
Student’s t, 222

cross correlation between time series, 718
crossdist

spatstat function, 767
CSR

complete spatial randomness, 749
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Ctrl R
to execute code from the script editor, 5

cube root transformation
timber data, 338

cubic contrast in contr.poly
C, 382

cubic polynomial
plot for the jaws data, 152

cummax cumulative maximum of the values in
a vector, 17

cummin cumulative minimum of the values in
a vector, 17

cumprod cumulative product of the values in a
vector, 17

for factorials, 60
cumsum cumulative sum of the values in a

vector, 17
cumulative maximum of the values in a vector

cummax, 17
cumulative minimum of the values in a vector

cummin, 17
cumulative product of the values in a vector

cumprod, 17
cumulative sum of the values in a vector

cumsum, 17
curly brackets { }

in function definition, 47
in loops, 58

current model
introduction, 325

cursor in graphics
using the locator function, 138

curvature
dangers of extrapolation, 412
multiple regression, 434
residual plots, 340

curve density, cumulative probability, quantiles
and random numbers from the normal
distribution, 218

distribution function of the standard normal,
208

drawing mathematical functions, 144
probability density of the standard normal

distribution, 208
curved relationships

inverse polynomials, 200
polynomial functions, 199

curves
nonlinear regression, 661

cut creating error bars for binary data, 597
function to convert from continuous to

categorical variable, 62
to generate maps of quadrat based counts,

759, 760
testing the random number generator, 241

cycles
lynx, 727

mixed effects models, 645
Nicholson’s blowflies, 702
seasonal data, 709

D calculus in R, 274
d.f. see degrees of freedom
damped oscillations

lines, 277
dangers with contingency tables

example, 553
Daphnia

bwplot, 837
dataframe, 175, 183, 479, 837
using tapply for groups of means, 18

das
dataframe, 166, 279

dashed lines see lty
lty, 167, 864

data function to see all available data sets, 19
HairEyeColor, 564
use a specified dataframe, 350

data dredging, 311
data editor, 5
data entry into matrices is columnwise, 41
data files

input using read.table, 98
data input

introduction, 97
R manual, 3

data objects
for spatial statistics, 763
for spdep library, 768

data selection with replacement
bootstrap, 681

data summary
introduction, 279

data visualization
trellis graphics, 174

data() list the names of the built-in data files,
102

data.ellipse from car package, 425
data.frame for boot, 524

converting vectors into a dataframe, 186
houses data, 31
introduction, 124
sorting and shortening the dataframe, 585
with strsplit, 105

data= in model definitions, 18
rather than attach, 18

dataframe
adding margins, 130
ancovacontrasts, 505
bacteria, 604
bioassay, 576
bloodcells, 556
blowfly, 701
bowens, 143
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box, 159
cancer, 802
car.test.frame, 689
cases, 536
cells, 529
changing variable names in a dataframe, 187,

559
chicks, 678
cluster, 528
combine using merge, 129
competition, 56, 370, 461
compexpt, 156
creation from other objects, 123
daphnia, 175, 479
Daphnia, 183, 837
das, 166, 279
decay, 357, 407
diminish, 404
epilobium, 693
ethanol, 621
f.test.data, 290
faithful, 164
farms, 650
fertilizer, 642, 836
fisher, 309
fishes, 220, 230, 241
flowering, 581
fltimes, 129
fungi, 483
gain, 500
gales, 859, 867
gardens, 292
germination, 577
growth, 466
HairEyeColor, 564
handling dates and times, 126
herbicides, 127
houses, 31
hre, 638
hump, 666
induced, 554
infection, 599
input using read.table, 98
insects, 590
introduction, 107
ipomopsis, 350, 490
isolation, 595, 623
jaws, 151, 661, 676
kmeansdata, 738
lackoffit, 415
lifeforms, 129
light, 282
lizards, 584
logplots, 830
longdata, 180
lynx, 717
manova, 487

map.places, 143
mm, 674
naydf, 770
new.lizards, 586
nonlinear, 671
occupation, 597
OrchardSprays, 169, 842
ovary, 645
ozone.data, 170, 434, 614
paired, 312
panels, 174
parasites, 192
pgfull, 732, 742
pgr, 142, 179, 829, 843
piedata, 168
plotfit, 149
pollute, 311, 685
poly, 381
power, 409
productivity, 314
quine, 540
ragwortmap2006, 763, 776
rats, 475
reaction, 667
refuge, 291
regdat, 418
regression, 359, 388, 412
roaches, 804
robreg, 430
sapdecay, 70
sasilwood, 425
scatter1, 136
scatter2, 136
seedlings, 797
seedwts, 130
sexratio, 574
SilwoodWeather, 154, 710, 840
skewdata, 286, 319
sleep, 141
soaysheep, 612
sorting and shortening, 584
spatialdata, 778
species, 534
spending, 869
splitcounts, 547
splityield, 173, 470, 632
as a spreadsheet, 107
sslogistic, 676
streams, 298
subscripts, 732
sulphur.dioxide, 443
summarizing the contents with summary, by

and aggregate, 132
sunspots, 167
sweepdata, 38
t.test.data, 295
tabledata, 188
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dataframe (Continued)
tannin, 267
taxon, 740
taxonomy, 695
temp, 709
timber, 336, 518
trees, 760
twosample, 310
twoseries, 718
type, 87
UCBAdmissions, 565
UKLungDeaths, 167
using match to mimic a relational database,

127
weibull.growth, 679
wings, 316
worldfloras, 79
worms, 109
yields, 449

dataframe converted to table, 189
dataframes

characters as factors, 44
detach, 8
potential danger of the sort function, 31
reduced lengths of factors, 186
from summary statistics produced by tapply,

186
date date and time in reader-friendly form, 89

extracting from Sys.time, 89
date and time, locale-specific

%c, 92
date, locale-specific

%x, 92
dates

calculation with, 90
in Excel spreadsheets, 92
introduction, 89

dates and time
in a dataframe, 126

day number in month
mday, 89

day of the month as decimal number (01-31)
%d, 92

day of the week
wday, 89

day of the year
yday, 89

day of year as decimal number (001-366)
%j, 92

daylight saving time in operation
isdst, 89

dbeta densities of the beta distribution, 208
plots of, 232

dbinom
barplot for a histogram, 244
densities of the binomial distribution, 208

dcauchy densities of the cauchy distribution,
208

dchisq densities of the chi-squared distribution,
208

dead or alive
binary response variable, 593

death-time data
introduction, 787

decay
dataframe, 357, 407
log-logistic distribution, 236

decay constant
estimation, 70

decelerating relationships, 198
decibels

spectral analysis, 718
decimal places, 142
decompositions

time series analysis, 715
default values of graphics parameters, 848, 851
degree of scatter

r squared, 394
degrees

to radians, 197
degrees of freedom, 52

analysed with lmer, 650
in analysis of covariance, 495
chi-squared contingency tables, 304
chi-squared distribution, 221
for comparing observed and expected

frequencies, 258
contingency tables, 304, 549
contrasts, 370
estimated for smooth functions in gam, 622
Fisher’s F, 224
Fisher’s F test, 289
generalized additive models, 667
interaction terms in multiple regression, 447
linear regression, 396
marginal totals, 305
mixed effects models, 636, 644
in model simplification, 326
observed and expected frequencies from a

negative binomial pattern, 762
one-way anova, 451
overdispersion, 573
paired samples or differences, 299
pseudoreplication in the rats data, 476
robust regression, 432
Student’s t test, 294
subset, 402
variance, 218

degrees of freedom from a model summary
model$df, 363

delay the next graph
ask, 851

deletion of an explanatory variable, 331
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deletion of influential points, 355
deletion test

introduction, 325
demo function for demonstrations, 4
demography

survival analysis, 791
demonstrations

the demo function, 4
density function for estimating probability

density, 164
density dependence

coexistence, 818
Leslie matrix, 264
partial autocorrelation function, 706
quadratic map, 811
test in glm, 574

density estimation
introduction, 164

density function
exponential distribution, 792
negative binomial distribution, 253
survival analysis, 791
Weibull distribution, 237

density.ppp
ppp object, 765
spatstat function, 767

densityplot as lattice plots, 175
deparse with substitute axis labels in

functions, 56, 179
xlab, 698

derivatives
calculus in R, 274

derived variable analysis
removing pseudoreplication, 475

design plots
introduction, 176

det determinant of a matrix, 262
detach dataframes after using them, 101

to detach a dataframe, 8
determinant of a matrix, 261
detrending a time series

predict, 707
development of R, vii
deviance

contingency tables, 552
cost-complexity measure, 692
G test of contingency, 306
introduction, 516
logLik, 354

deviance(model) SSY and SSE, 395
deviations

quantiles of the standard normal distribution,
211

dexp densities of the exponential distribution,
208

df densities of the Fisher’s F distribution, 208

dgamma densities of the gamma distribution,
208

plot of, 229
dgeom densities of the geometric distribution,

208
geometric distribution, 246

dhyper, 247
densities of the hypergeometric distribution,

208
diag function to give the diagonal of a matrix,

260
diagonal

of a matrix, 260
variance covariance matrix, 261

dice
random number generation, 240

dice games, 215
difference

number in arima, 726
one sample t-test, 299
Student’s t test, 294

differences between means
contrasts, 366
from the summary.lm table, 366

differences between slopes
interactions between continuous and

categorical explanatory variables, 331
from the summary.lm table, 365

differences in times between rows of a
dataframe, 94

differencing
time series, 719
time series analysis, 701

different numbers of numbers per input line
using readLines, 106
using scan, 104

different y axes, 859
gales data, 867

differential equations
library odesolve, 275

difftime introduction, 91
digits specify number of decimal places

displayed, 11
dim, 40

contingency tables, 309
convert a vector of counts to an array,

558
dimensions of a vector, 34

dimensions
drop=FALSE, 38
using sweep, 39

diminish
dataframe, 404

dimnames contingency tables, 558, 565
naming rows and columns, 35

disc
saving data from R, 76
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discontinuities
in tan(x), 197

discrete probability distributions
introduction, 242

discriminant analysis
background, 744
introduction, 731

dispersal
host-parasite interaction, 822
metapopulation dynamics, 816

dissimilarity matrix
dist, 742

dist dissimilarity matrix, 742
distance 3-dimensional plots, 845

function, 751
distance

pattern measure with Ripley’s K, 754
distance measures

pattern analysis, 750
Pythagoras, 751

distances to neighbours
distance, 755

distmap
ppp object, 767
spatstat function, 767

divisive clustering
cluster analysis, 738

dlnorm densities of the log-normal distribution,
208

plot of, 234
dlogis densities of the logistic distribution, 208

plot of, 235
dnbinom aggregated patterns, 761

densities of the negative binomial
distribution, 208

expected frequencies, 538
overlaying a smooth density function on a

histogram, 163
waiting time to success in Bernoulli

trial, 253
dnorm compared with t distribution, 228

curves plotted, 218
densities of the normal distribution, 208
for generating a smooth overlay on a

histogram, 214, 216
overlay on a histogram, 220

do loops see for loop
dominant eigenvalue, 266
dose.p

MASS library, 577
dotplot as lattice plots, 175
dotted line see lty

lty, 167, 864
double

type, 87
double square brackets [[ ]]

extract elements of a list, 73

doubling
use of logarithms, 50

downloading R, 1
downstream

effects on invertebrates, 298
dpois

barplot, 537
densities of the Poisson distribution, 208

drawing circles
bubble, 180

drawing mathematical functions
using curve, 144
plot with type=“l”, 144

drop duplicate rows in a dataframe, 125
drop rows from a dataframe

with na.omit, 119
drop rows from a dataframe using negative

subscripts, 118
drop=FALSE to prevent dimension reduction,

38
with subscripts, 42

dsignrank densities of the Wilcoxon’s signed
rank statistic, 208

dt densities of the Student’s t distribution, 208
graph of, 228

dummy variables
generalized additive models, 620
model.matrix, 192
polynomial regression, 382

dunif densities of the uniform distribution,
208

duplicate rows in a dataframe, 125
duplicate variable names

warning following attach, 100
duplicated rows in a dataframe, 125
durbin.watson serial correlation in residuals,

424
dweibull densities of the Weibull distribution,

208
dwilcox densities of the Wilcoxon rank sum

distribution, 208, 258
dyn.load linking C or Fortran code, 7

e-017 approximate numeric zero (means times e
to the power -17), 10

exact mean for random numbers, 219
numbers with exponents, 11
roughly zero, 78
zero residuals, 355

each option in rep, 28
eastings, 143
ecdf the empirical cumulative distribution

function, 241
edge correction

Ripley’s K, 755
edges

nearest neighbours, 752
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edges in a simulation model
matrix, 819

edit data
with the fix function, 5

editing
with keyboard arrows, 9

editing outliers
using which, 166

editor
for writing code within R, 5

effect sizes
effects package, 178
in factorial anova, 480
mixed effects models, 644
model.tables, 458
one-way anova, 458
plot.design, 176, 458
summary.lm table, 365

effects library, 178
effects(model) regression, 360
eigen function for eigenvalues and

eigenvectors, 266
eigenvalue and eigenvector, 264
else competing species, 821
emergent patterns

simulation models, 811, 825
empirical cumulative distribution

ecdf, 241
empty or occupied

binary response variable, 593
encryption

random number generation, 240
end-of-line

the hard return key, 58
Enter key

with scan, 97
environment

definition using with, 19
epilobium

dataframe, 693
equal.count convert to a shingle, 839
equality

testing for equality of real numbers, 77
equals =

conventions in R, 15
equations

nonlinear regression, 661
equilibrium behaviour

metapopulation dynamics, 816
simulation models, 811

erase.screen clear a screen, 863
Error analyzing the rats data the correct way, 477

in aov, 470
error bars

both x and y, 57
different kinds of bars contrasted, 463
function, 56

error bars for binary data
using cut to create groups, 597

error bars on logistic curves, 598
error checking plots

in gls models, 783
mixed effects models, 636, 657

error distribution in survival models
exponential, 796
extreme value, 796
Gamma errors, 796
log-logistic, 796
lognormal, 796
piecewise exponential, 796
Weibull, 796

error families
generalized linear mixed models, 655

error structure
generalized linear models, 512
mis-specified, 521
negative binomial errors, 543

error sum of squares
linear regression, 397
SSE, 451

error terms
multiple, 333

error trapping with try, 102
error variance

multiple error terms, 469
pure error, 415
summary.aov table, 365

error.bars function, 56, 462
errors

the Esc key, 2
spatial autocorrelation, 778

Esc key
escaping from errors, 2

estimates
unbiased, variance-minimizing estimators,

324
ethanol

conditioning plots, 839
dataframe, 621, 698
library(SemiPar), 621

evaluating functions
introduction, 68
in plot, 71

evaluation environment
introduction, 64

even numbers
testing using modulo, 12

exact binomial test
binom.test, 300

exact matching on tags, 64
exact mean for random numbers, 219
exactdt

spatstat function, 767
example function to give worked examples, 3
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Excel
copy and paste into scan, 98
dates in spreadsheets, 92
pasting from R into a spreadsheet, 77
reading a spreadsheet using read.table, 98
saving data using tab-delimited text files, 98

Excel spreadsheet
as a dataframe, 107

exp antilog function, 10
exponential distribution, 208
geometric mean as the antilog of the average

of the logarithms, 49
introduction, 196

exp(x) polynomial approximation, 403
expand a dataframe

repeat rows according to a specified count, 124
expand.grid generate factorial combinations of

levels, 192
expanding dataframes

using lapply, 189
expectation of the vector product

covariance, 310
expectations

definition of variance, 242
expected and observed frequencies

introduction, 549
expected counts

from a negative binomial distribution, 761
from a Poisson distribution, 760

expected frequencies
check for low values, 258
chisq.test(correct=F)$expected, 306
introduction, 303
negative binomial distribution, 256, 538
Pearson’s chi-squared, 303

expected frequencies < 5
factor levels, 539
Fisher’s exact test, 309
frequencies from a negative binomial pattern,

761
expected mean distance to nearest neighbour,

754
experimental design

in analysis of covariance, 500
explanatory power of different models, 326
explanatory variable

choosing the right test, 323
model formulae, 330
the x axis of the plot, 136

explanatory variable measured without error
assumptions of linear regression, 389

exponent, 195
exponential

error distribution in survival models, 796
exponential decay

estimation, 70
regression model, 407

exponential distribution
introduction, 231, 792
special case of gamma distribution,

229
special case of Weibull distribution, 237

exponential errors
cancer, 802

exponential function, 196
normal distribution, 210

exponential increase
Leslie matrix, 265

exponents
scientific notation, 11

export data from R
using write or write.table, 76

expression calculus in R, 274
frac to print fractions with text, 834
separation by, 10
subscripts, 831
superscripts, 831

expression(substitute) values of variables in
text on plots, 831

extinction
metapopulation dynamics, 816
spatial simulation, 822

extracting parameter values from a model
summary

model$coef, 363
extracting parameters from a model summary,

361
extracting parts of character strings, 45
extracting the degrees of freedom from a model

summary
model$df, 363

extracting the fitted values from a model
summary

model$fitted, 363
extracting the residuals from a model

summary
model$resid, 363

extrapolation
dangers of, 412

extreme cases
contingency tables with low (<5) expected

frequencies, 308
extreme sensitivity to initial conditions

chaos, 812
extreme value

age-specific hazard models, 794
error distribution in survival models, 796

extrinsic aliasing
introduction, 380

eye colour
chi-squared contingency tables, 302

eyeball
regression, 388
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f Fisher’s F distribution, 208
F introduction, 224
F distribution, 224
F ratio

extracting from a model summary, 362
linear regression, 396
one-way anova, 456

F test
comparing two variances, 289

f.test.data
dataframe, 290

factanal factor analysis, 735
factor in a boxplot, 154

function to turn a vector into a factor, 26
numerical factor levels, 476
one-way anova, 450
ordered, 382
ordered factor levels, 185
type, 87

factor analysis
background, 735
introduction, 731

factor level generation, 450
expand.grid, 192
gl, 28
rep, 187

factor-level reduction
bacteria, 609
complex analysis of covariance, 503
lmer, 606
model simplification, 375, 468
using logical arithmetic, 26
Schoener’s lizards, 563
Schoener’s lizards re-analysed, 589
survival data, 803

factor levels
calculating contrasts, 372
character strings as factors, 44
dimnames, 558
expected frequencies > 5, 539
generation, 556
generation using gl, 28
informative, 627
as labels in barplot, 463
labels rather than numbers, 29
by logical arithmetic, 193
using model.matrix, 193
model simplification in variance components

analysis, 641
shortened dataframes, 186
summary tables, 183
uninformative, 627

factorial definition, 242
Fisher’s exact test, 309
function for ! in R, 11
from the gamma function, 201
using several different functions for repeats, 59

factorial anova
effect sizes, 480
model.tables, 480
summary.aov, 480
summary.lm, 480
y~N*P*K, 330

factorial experiments
introduction, 466

factorial function, 242
introduction, 206

factorials
multinomial distribution, 249

factors
choosing the right test, 323
fisher.test, 309
generate levels using gl, 567
interaction.plot, 173
levels for naming factor levels, 186

failure
binomial response, 570

failure handling
try, 102

failure-time data
introduction, 787

faithful
dataframe, 164

FALSE
coercion to numeric 0, 21
combinations of T and F, 26

families of nonlinear functions
nonlinear regression, 667

family fonts for text, 831
family=binomial generalized linear models,

513
family=Gamma generalized linear models, 513
family=inverse.gaussian generalized linear

models, 513
family=Poisson generalized linear models, 513
family=quasi generalized linear models, 513
family=quasibinomial generalized linear

models, 513
family=quasipoisson generalized linear

models, 513
famous five

in analysis of covariance, 493
introduction, 390
by matrix algebra, 270

farms
dataframe, 650

fat arrows
introduction, 835

fat lines
lwd=8, 865

fat tails
Cauchy distribution, 233
logistic distribution, 235
Student’s t distribution, 228, 233
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fat.arrow function, 835
locator, 857

fdr p value adjustment, 485
fecundity

Leslie matrix, 265
fertilizer

dataframe, 642, 836
Festuca, 142, 829

3-dimensional plots, 843
dataframe, 179

fg foreground colour, 857
Fibonacci series

function, 61
fig locating multiple graphs in the plotting

region, 858
rather than par(mfrow=c(2,2)), 859
same x axis different y axes, 859

file names for input
file.choose, 99

file.choose browse file names for input, 99
file.exists check that a file of that name exists

on that path, 101
filled.contour 3-dimensional plots, 843
find what package contains the specified

function, 2
first character search

using ^, 79
first-order compartment model, 205

equation, 662
self-starting nonlinear functions, 674
SSfol, 680

first-order neighbours
definition, 819

fisher
dataframe, 309

fisher.test contingency tables with low (<5)
expected frequencies, 309

two-by-two contingency tables, 551
Fisher’s exact test

contingency tables with low (<5) expected
frequencies, 308

Fisher’s F test
introduction, 224
built-in function var.test, 53
comparing two variances, 224, 289
var.test, 290
variance ratio test, 53

fishes
dataframe, 220, 230, 241

fit
of different models, 326
trade-off with number of parameters,

353
fitted values from a model summary

model$fitted, 363
fitted values of the model

fitted(model), 350

fitted(model) fitted values of the model, 350
regression, 360

fitting models to data
(not the other way round), 324

fivenum Tukey’s five numbers, 281
fix function for data editing, 5
fixed effects, 479

hierarchical sampling, 656
in mixed effects models use method=“ML”,

653
introduction, 627
on means, 472
mixed effects models, 644
model formula, 630
REML, 639

fixed or random effects, 473
flat tables

simplifying contingency tables, 563
using ftable, 185

fligner.test constancy of variance, 292
heteroscedasticity, 450
market garden ozone, 293

Fligner-Killeen test
constancy of variance, 291

floating point numbers
testing for equality of real numbers, 77

floor, 12
for multiples of a number, 25
greatest integer < x, 11
Tukey’s five numbers, 281

flowering
dataframe, 581

fltimes
dataframe, 129

font
bold, 857
bold italic, 857
changing the font for text on a plot, 831
for input and output, 10
italic, 857
plain text, 857
screen defaults, 6

font.axis font for axis number, 857
font.lab font for axes labels, 857
font.main font for main graph title, 857
font.sub font for graph subtitle, 857
fonts for text

mono, 831
sans, 831
serif, 831
symbol, 831

for loop
bootstrap for nonlinear regression, 682
break at the margin in a random walk,

815
competing species, 821
demonstrating the central limit theorem, 213
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histogram of the hypergeometric distribution,
248

histogram of the multinomial distribution,
249

host-parasite interaction, 823
introduction, 58
metapopulation dynamics, 817
nearest neighbours, 752
population dynamics, 812
simulating a two-dimensional random walk,

815
foreground colour

fg, 857
form in gls models, 782

modelling the spatial variance, 777
form feed

\f, 101
formatting dates and times, 92

as.difftime, 91
formulae for statistical models

introduction, 329
paste, 332

formulas in text on plots, 833
Fortran

linking to, 7
four graphs in two rows of two columns

par(mfrow=c(2,2)), 152
four-parameter logistic, 203

example, 678
self-starting nonlinear functions, 674

fourfoldplot contingency table plots, 567
fourth moment

kurtosis, 288
frac function to create fractions in expression,

834
fractional powers

roots, 196
frequencies

comparing observed and expected, 256
count data, 527
spectral analysis, 717

frequency of a time series, 714
frequency distribution data, 536
ftable displaying complex contingency tables,

558
function to produce flat tables, 185
quine, 541
Schoener’s lizards, 563

fully specified model
offsets, 520

function
arithmetic mean, 48
b.boot, 419
bubble, 180
bubble.plot, 179
central, 63
ci.lines, 414

color.pics, 856
confidence interval, 55
distance, 751
error bars, 56
error.bars, 462
fat.arrow, 835
Fibonacci series, 61
finding closest values in an array, 24
geometric mean, 49
harmonic mean, 51
host, 823
hump, 698
kurtosis, 289
leverage, 354
ma3, 708
many.means, 65
margins, 819
mcheck, 341
median, 48
model.boot, 523
nhood, 820
numbers, 813
panel, 836
parasite, 823
reg.boot, 420
residual.boot, 421
for rounding, 12
se.lines, 414
sign.test, 300
skew, 285
standard error of a mean, 54
variance, 52
variance ratio test, 53
writing R functions, 47

functions
anonymous, 67
asymptotic, 202
built-in, 10
evaluating with apply, sapply or

lapply, 68
order of the arguments, 76
self-starting nonlinear functions, 674
S-shaped, 203
table of mathematical functions in R, 11
testing arguments, 88
on vectors, 17

fungi
dataframe, 483
multiple comparisons, 483

G test, 306
contingency tables, 552

gain
dataframe, 500

gales
dataframe, 859, 867
two graphs with same x axis, 859
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gam 3-D plots using vis.gam, 625
binary response variable, 602
with binomial errors, 623
degrees of freedom estimated for smooth

functions, 622
first steps in multiple regression, 435
generalized additive models, 518, 611
humped data, 666
introduction, 611
library(mgcv), 611
non-parametric smoothers, 151
ozone.data, 615
parametric explanatory variable, 602
summary of the statistical model, 349

gamma demonstration in the red colours, 855
Gamma

error family in glm, 515
function, 11
gamma distribution, 208
negative binomial distribution, 252

gamma distribution
introduction, 229

Gamma errors
curved relationships, 201
demonstration plot, 342
deviance, 516
error distribution in survival models, 796
simulation experiment on age at failure, 789
standardized residuals, 520

gamma function
for factorials, 60
introduction, 201

gardens
dataframe, 292

GCV
generalized cross validation, 617

Geary’s C
spdep function, 771

gender bias
promotion, 301

generalized additive models
alternative to nonlinear regression, 665
with binary response data, 623
gam, 435
introduction, 518, 611
isolation, 623
model selection, 619
ozone.data, 614
technical background, 617

generalized cross validation, 617
generalized least squares

introduction, 778
generalized linear mixed models

family=binomial, 513
family=Gamma, 513
family=inverse.gaussian, 513
family=Poisson, 513

family=quasi, 513
family=quasibinomial, 513
family=quasipoisson, 513
introduction, 511, 655
lmer, 630
proportion data, 590

generating factor levels, 556
generating sequences of numbers, 29
geom geometric distribution, 208
geometric distribution

introduction, 246
as a limiting case of the negative binomial,

253
geometric mean

function, 49
testing arguments, 88

geostatistical data
introduction, 774

germination
dataframe, 577

gets
<-, 15

getwd check the working directory, 101
ginv generalized inverse of a matrix, 347

MASS function to compute generalized
inverse of a matrix, 263

statistical models in matrix notation, 273
given nested explanatory variables

�, 331
gl function to generate levels for a factor, 28

generate levels in creating new factors, 567
glim

generalized linear models, 511
glm analysis of codeviance with count data, 534

analysis of covariance with binomial errors,
582

analysis of deviance with count data, 529
binary response variable, 594
bootstrapping, 523
cbind with proportion data, 569
contingency tables, 552
Gamma errors, 789, 795
generalized linear models, 511, 512
proportion data, 569
regression with count data, 528
summary of the statistical model, 349

glm.nb compared with quasipoisson, 545
MASS library, 543, 557

glmmPQL generalized linear mixed models, 655
globe

drawn by wireframe, 847
gls error checking plots, 783

introduction, 778
model checking plots, 783
in nlme library, 778
ragwort data, 777
yield data, 780
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glycogen
rats, 476

Gompertz
age-specific hazard models, 794
equation, 662

Gompertz growth model
self-starting nonlinear functions, 674
S-shaped functions, 204

goodness of fit
deviance, 516

Gossett, W.S.
Student, 226
Student’s t test, 294

gradient see slope
grand mean

contrasts, 366
proportions, 191

graph delay
ask, 851

graph title
removing the title with main=““, 213

graph without axes
axes=FALSE, 851

graphics
all the plotting symbols displayed, 140
ask = T to step through graphs, 7
demonstration, 4
introduction, 135, 827

graphics parameters
introduction, 847
summary overview, 848

graphs touching
mar=0, 859

gray palettes, 855
grazing

ipomopsis, 490
Greek symbols in text

expression, 832
Greens palette in RColorBrewer, 856
gregexpr counting characters in a vector of

strings, 83
grep introduction, 79

pattern recognition in objects, 4
to select columns from a dataframe, 122

grep compared with regexpr, 83
grid generate a grid on a plot, 760
grid lines

tck=1, 871
group membership

kmeans, 738
grouped means

contrasts, 369
groupedData families of nonlinear functions,

668
fertilizer, 642
in gls models, 780
nonlinear time series models, 671

ovary, 645
trellis plots, 836

grouping
random effects, 473
values from a matrix using tapply, 18

grouping factor
in trellis graphics, 174

groups panel barplots, 838
groups of bars

beside=T, 466
groups of characters in searches

[C-E], 80
groups of plots

labels in the outer margin, 868
growing vectors by concatenation, 63
growth

dataframe, 466
log-logistic distribution, 236
regression, 388

growth experiments
mixed effects models, 641

growth rate data
introduction, 570

growth rates
logistic distribution, 235

gsub in stripping text, 86
substituting text in character strings (all

occurrences), 82

H hat matrix, 347
hair colour

chi-squared contingency tables, 302
HairEyeColor

dataframe, 564
hard return

the Enter key for indicating end-of-line,
58

with scan, 97
harmonic mean

function, 51
hat matrix

introduction, 347
hazard

age-dependent, 802
coxph, 809
lognormal distribution, 234
as reciprocal of mean lifetime, 787
simulation experiment, 787
Weibull distribution, 237

hazard function
exponential distribution, 793
risk of death, 792

hclust dissimilarity matrix, 742
header=T the first row of the dataframe

contains variable names, 98
heading for a graph

main, 206
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heat.colors palettes, 855
Helmert contrasts

analysis of covariance, 506
complex analysis of covariance, 503
introduction, 378

help
library contents, 4
manuals, 3
online, 3
using ?, 2

help.search find function names, 2
herbicides

dataframe, 127
Hershey demonstration, 4
heteroscedasticity

fligner.test, 450
introduction, 340
multiple regression, 439
non-constancy of variance, 291
residual plots, 340

hierarchical clustering
cluster analysis, 738

hierarchical designs
analysed with lmer, 648

hierarchical designs and split plots compared,
478

hierarchical sampling
model simplification, 640
variance components analysis, 638

hierarchical structure
with Error, 470
mixed effects models, 627
random effects, 472

hinges
Tukey’s five numbers, 281

hist bootstrapped Michelson’s light data, 284
bootstrapped slopes, 419
colour with histograms, 858
counts from a Poisson distribution, 251
data summary, 280
function to create and draw histograms, 162
gamma distribution, 230
jackknife regression slopes, 422
Michelson’s light data, 283
negative binomial random numbers, 163
skew data, 220, 286
specifying the break points for the bins, 162
throws of a die, 240
uniform distribution, 213

histogram bin widths, 214
data summary, 280
introduction, 162
as lattice plots, 175
panel histograms, 840
smooth density functions overlain, 214

hochberg p value adjustment, 485
Holling’s disc equation, 201

holm p value adjustment, 485
hommel p value adjustment, 485
homoscedasticity

constancy of variance, 291
horiz=TRUE plots at right angles, 862
horizontal lines

abline(“h”=), 819
host

function, 823
host-parasite interaction

pattern generation, 822
hot spots

spatial autocorrelation, 774
hour hours, 89
hours

hour, 89
hours as decimal number (01-12) on the

12-hour clock
%I, 92

hours as decimal number (00-23) on the
24-hour clock

%H, 92
houses

dataframe, 31
hre

dataframe, 638
hsv hue saturation value function, 855
hue

of colours, 855
hump

dataframe, 666
exploratory plots using gam, 603

hump function, 698
humped data

generalized additive models, 620, 666
humped relationships

biexponential, 205
inverse polynomials, 200
quadratic terms, 199

humps
testing for existence, 698

hyper hypergeometric distribution, 208
hypergeometric distribution

introduction, 247
hyphen

separator for dates, 91
hypotenuse

Pythagoras, 751
hypothesis testing

chi-squared, F and t distributions, 221
introduction, 282

i complex numbers, 11
I the unit matrix, 264
I (as is) piecewise regression, 603

to plot quadratic and cubic terms, 152
quadratic terms in multiple regression, 436
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identical(TRUE,x) the same as isTRUE(x), 27
identifying individual points on plots, 753
identity link

generalized linear models, 514
if competing species, 821

in loops, 61
if … else in calculating medians, 48
ifelse adjusting northings, 144

apply, 817
introduction, 62
labelling a partition tree, 697
with regexpr, 83
to remove missing values, 14

ill-conditioning
multiple regression, 448

image 3-dimensional plots, 843
competing species, 820
host-parasite interaction, 823
occupancy map, 817

implementation
R is like Scheme, vii

importance of components
prcomp, 733

incidence functions
binary response variable, 595

inclusion of an explanatory variable, 331
inclusion of interactions between explanatory

variables, 331
inclusion of main effects plus interactions

between explanatory variables, 331
independence

hair colour and eye colour, 302
random patterns, 749

independence of errors
mixed effects models, 627
random effects, 473

index
$ element name operator for indexing lists,

15
index plot

data summary, 280
for error checking, 165
leverage, 355
moving average, 709
SilwoodWeather, 710

index.cond trellis plots, 836
indices

on dataframes, 111
introduction, 20

induced
dataframe, 554

induced defences
dangers with contingency tables, 554

Inf replacing with NA, 62
value in R, 13

infection
dataframe, 599

proportion data, 569
spatial scale, 638

infinite population
binomial as a limiting case of the

hypergeometric, 248
infinity, 195

conventions in R, 13
l’Hospital’s Rule, 202

inflection point
polynomial functions, 199

influence
introduction, 344
jackknife regression slopes, 422

influence testing function
lm.influence, 346

influence.measures influence testing function,
347

informative factor levels, 479
fixed effects, 473, 627

initial measurements
in analysis of covariance, 500

input
keyboard using scan, 16

input files
check the working directory using getwd,

101
set the working directory using setwd, 101

input from file
different numbers of numbers per input line,

104
input line, 6
input non-standard file types using scan, 102
input of data from the keyboard using scan, 16
insects

dataframe, 590
install.packages

akima, 843
RColorBrewer, 856
SemiPar, 621
for spatial statistics, 763
from the web, 5

installing R, 1
manual, 3

integer part
%/%, 11

integers
rounding functions, 11

integrals
calculus in R, 275

integrate calculus in R, 275
intentional aliasing, 381
inter-quartile range

box and whisker plot, 155
Michelson’s light data, 283

interaction, colon operator : 649
aphids and caterpillars, 555
generalized additive models, 616
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interaction (Continued)
generalized linear mixed models, 591
multiple regression, 434
split-plot experiments, 470
two-way anova, 467

interaction plots
introduction, 172

interaction structure
interpreting the output of tree models, 444

interaction terms
log-linear models of contingency tables, 553
model formulae, 330
in model simplification, 326
which to include when they can not all be

included, 445
interaction.plot, 173

split-plot experiments, 471
interactions

model simplification in contingency table
analysis, 559

interactions between continuous and categorical
explanatory variables

differences between slopes, 331
interactions between continuous explanatory

variables, 331
interactions between explanatory variables, 331
interactions in contingency tables

fourfoldplot, 567
intercept

behaviour at the limits, 662
mixed effects models, 656
for one-way anova, 460
in regression, 387
regression, 392
remove from a model, 333
summary.lm table, 365

intercept in models
1 (parameter 1), 333

intercepts
analysis of covariance, 489

interp function to create objects for 3-D plots,
843

interpolation
akima, 843
introduction, 412

intersect function from set theory, 78
intrinsic aliasing

introduction, 380
invasion criterion

simulation models, 812
inverse Gaussian errors

deviance, 516
inverse hyperbolic trig functions, 11
inverse link function, 200
inverse of a matrix, 263
inverse polynomials

curved relationships, 200

inverse trig functions, 11
invisible, 65
ipomopsis

dataframe, 350, 490
is.array testing whether an object is an array,

87
is.character testing whether an object is a

character string, 87
is.complex testing whether an object is a

complex number, 87
is.data.frame testing whether an object is a

dataframe, 87
is.double testing whether an object is a double

precision number, 87
is.factor, 44

character data from read.table, 101
ordered, 381
to select columns from a dataframe, 117
testing whether an object is a factor, 87

is.finite test whether a number is finite, 13
is.infinite test whether a number is infinite, 13
is.list testing whether an object is a list, 87
is.logical testing whether an object is a logical

variable, 87
is.matrix, 34, 40

testing whether an object is a matrix, 87
is.na counting the NA cases in each variable of

a dataframe, 120
with match, 47
not missing values uses !is.na, 84
test whether a value is NA (missing

value), 14
is.nan test whether a value is not a number

NaN, 13
is.numeric to select columns from a dataframe,

117
testing whether an object is numeric, 87

is.ordered ordered, 382
is.raw testing whether an object is a raw

number, 87
is.table, 41
is.ts test for time series class, 168

testing whether an object is a time series, 87
is.vector testing whether an object is a vector,

87
isdst daylight saving time in operation, 89
ISOdate introduction, 91
isolation

dataframe, 595, 623
generalized additive models, 623

isotropic smooth
generalized additive models, 611

isTRUE abbreviation of identical(TRUE,x), 27
italic

font, 857
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jack.after.boot jackknife after bootstrap, 424
jackknife after bootstrap, 423
jackknife with regression

introduction, 421
jaws

dataframe, 151, 661, 676
jitter separate overlapping points, 597
joining the dots

what not to do, 153
judging scores

sign test, 300
Julian date

day of the year after 1 January, 90

k aggregated point processes, 750
clumping parameter (size) of the negative

binomial, 76
function for maximum likelihood estimate,

255
maximum likelihood, 252
negative binomial aggregation parameter, 163
negative binomial aggregation parameter in

glm.nb, 543
negative binomial distribution, 251, 538
negative binomial random numbers, 187

Kaplan-Meier
function, 794
Surv(death,status), 797
survivor distribution, 793
survivorship curves, 809

Kest
ppp object, 766

keyboard data entry
with scan, 97

keys
tree models for writing taxonomic keys, 693

kfit function for maximum likelihood estimate
for k of the negative binomial, 255

Kfn function for Ripley’s K, 757
Ripley’s K, 5

kick samples
effects on invertebrates, 298

kicks from cavalry horses
Poisson distribution, 250

kmeans cluster analysis, 738
group membership, 739
mis-classification, 741
taxonomy, 740

kmeansdata
dataframe, 738

knearneigh for spdep library, 768
knn object for spdep library, 768
knots

thin plate splines, 618
Kolmogorov-Smirnov test, 316
kriging

introduction, 775

ks.test Kolmogorov-Smirnov test, 317
kurtosis function, 289
kurtosis

introduction, 287
lognormal distribution, 234

L linear contrast in contr.poly, 382
label on the right axis

margins around the plotting area, 866
labelling the points on a scatterplot, 141
labels

axis, 834
labels barplots for observed and expected

frequencies, 538
for factor levels in gl, 29
using factor levels as labels, 463

labels for axes in functions
deparse(substitute), 179

labels for the right hand axis, 866
labels in the outer margin of multiple plots, 868
lack of fit

replication in regression designs, 415
sum of squares, 416
visual impression, 417

lackoffit
dataframe, 415

lags
interpreting the lynx model, 729
partial autocorrelation, 702
time series analysis, 702

lambda
mean of the Poisson distribution, 250

language definition, 3
lapply to expand rows of a dataframe, 124

for expanding dataframes, 189
introduction, 73
with length, 104

las 0 = parallel to axis, 864
1 = always horizontal, 864
2 = always perpendicular to axis, 864
3 = always vertical, 864
orientation of axes numbers, 827
orientation of tic mark numbers, 864

last seen alive
censoring, 801

latitude and longitude
in gls models, 778

lattice
libraries in the base package, 4

lattice library for trellis graphics, 174
lattice plots

background, 836
barchart, 175
bwplot, 175
cloud, 175
contourplot, 175
densityplot, 175
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lattice plots (Continued)
dotplot, 175
histogram, 175
levelplot, 175
parallel, 175
qq, 175
qqmath, 175
rfs, 175
splom, 175
stripplot, 175
tmd, 175
wireframe, 175

layout conditioning plots, 838
flexible positioning of multiple plots, 860

layout.show indicate the current layout of
plotting regions, 861

lazy evaluation
introduction, 67

LD50
dose.p, 577
introduction, 576

lda
library(MASS), 744

leaf
tree models, 685

least significant difference
different kinds of bars contrasted, 465
introduction, 464

least squares
regression, 389

left arrow
for editing, 9

left axis
axis 2, 834

legend analysis of deviance with count data,
533

auto.key, 842
explanatory inset for a plot, 138
on a barchart, 467
in barplots with observed and expected

frequencies, 539, 762
on a barplot, 257
survivorship curves, 809

lend line end shapes, 864
length of character strings, 44

in defining sequences, 23
in function for mean, 48
in a function for variance, 52
issues with lags, 702
using lapply in lists, 73
loadings in factor analysis, 737
with negative subscripts, 24
reduced lengths of factors, 186
with regexpr, 83
runs test on binary data, 76
of a vector, 16
vectors of length zero, 15

lengths
problems with attach, 18

lengths of runs
run length encoding, 74

leptokurtosis
introduction, 288

Leslie matrix, 264
lethal dose

introduction, 576
lethal kicks from cavalry horses

Poisson distribution, 250
LETTERS a vector containing the letters of the

alphabet in upper case, 44
letters, 44

vector of lower case letters of the alphabet,
26

levelplot as lattice plots, 175
levels

interaction.plot, 173
as labels in barplot, 463
list of factor levels, 371
for names in barplot, 57
naming factor levels, 186

levels gets
factor-level reduction, 375
Schoener’s lizards re-analysed, 589
survival data, 803

leverage function, 354
introduction, 354

Levin’s model
metapopulation dynamics, 816

lgamma natural log of the gamma
function, 11

l’Hospital’s Rule
ratios of infinity, 202

libraries
search() to list attached libraries, 7
using with, 19

libraries for spatial statistics
introduction, 762

library
boot, 320, 420
contents of, 4
effects, 178
function for loading a library, 4
help, 4
lattice, 174, 836
lme4, 547, 605
mgcv, 602, 611
nlme, 778
spatial, 757
spatstat, 762
spdep, 762
survival, 797
tree, 444, 613
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library(boot) bootstrap for nonlinear
regression, 683

library(lattice) ethanol, 698
mixed effects models, 638, 642
time series in mixed effects models,

645
library(lme4) proportion data, 590

variance components analysis, 640
library(MASS) lda, 744

stormer, 682
library(mgcv) humped data, 666
library(nlme) families of nonlinear functions,

667
mixed effects models, 638, 642
splityield, 632
time series in mixed effects models, 645

library(tree) tree models, 685
lifeforms

dataframe, 129
light

dataframe, 282
light.source 3-dimensional plots, 845
likelihood see maximum likelihood

Cox’s proportional hazards model, 796
likelihood function

normal distribution, 217
limits of the current axes

par(“usr”), 847
line end shapes

lend, 864
line join

panel plots, 842
line over a scatterplot

plot then lines, 71
line types

lty, 864
line types on plots

lty, 167
line widths see lwd
linear combinations

principal components analysis, 731
linear contrast in contr.poly

L, 382
linear equations

solving, 274
linear independence

determinant of a matrix, 263
linear mixed effects

lme, 630
linear model

constancy of variance, 292
continuous response variable, 324
for curved relationships, 334
in regression, 387

linear predictor
back-transformation from logits, 579
for binomial errors, 572

generalized linear models, 513
multiple regression, 434

linearity
model mis-specification, 356

linearizing Michaelis Menten, 202
linearizing the logistic

log odds transformation, 572
lines add line to a scatterplot, 55

adding thresholds to a plot, 614
beta distribution, 232
Cauchy distribution, 233
chi-squared distribution, 223
complete spatial randomness, 756
critical value of Fisher’s F, 225
damped oscillations, 277
drawing circles, 180
error bars, 462
error bars on logistic curves, 598
for piecewise regression, 429
gamma distribution, 229
generalized additive models, 666
glm with different slopes, 535
to illustrate SSY and SSE in anova, 455
joining nearest neighbours, 752
joining the dots, 153
with loess, 613
logistic distribution, 235
to make error bars, 56
moving average, 709
multiple logistic curves, 583
non-linear functions, 150
nonlinear regression, 663
overlay on a histogram, 220, 231
overlaying a smooth density function on a

histogram, 162, 165
plot for complex analysis of covariance, 504
population dynamics, 812
predict(type=“response”), 596
Ripley’s K, 758
to show lack of fit, 417
SilwoodWeather, 711
smooth density functions overlain, 214, 216
smooth line for exponential decay, 409
smoothers compared, 152
SSasymp, 676
SSfol, 681
SSfpl, 678
SSlogistic, 678
SSmicmen, 675
SSweibull, 680
Student’s t, 226
summary of key points, 181
type=“response”, 576
Weibull distribution, 237

lines not points
type=“l”, 67

lines over barplot orthogonal polynomials, 385
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link function
for binomial errors, 572
canonical link functions, 514
generalized linear models, 513
mis-specified, 521

list categorical variables for the by function,
133

to create a list from various objects, 73
double square brackets [[ ]], 46, 73
extracting information from model objects,

359
using lapply, 73
to make multidimensional tables using

tapply, 184
NULL elements, 35
returning answers from a function, 67
subscripts [[ ]], 20
in tapply to specify the margins over which

means are to be computed, 18
type, 87
variable numbers of arguments to a

function, 65
list subscripts [[ ]]

extracting information from model objects,
359, 361

summary.aov table, 364
summary.lm table, 364

lists
$ element name operator for indexing

lists, 15
liver bits

rats, 476
lizards

analysed as proportion data, 584
complex contingency tables, 560
dataframe, 584

llines trellis plots, 836
lm

all.effects, 178
in analysis of covariance, 497
summary of the statistical model, 349
trigonometric model for cycles, 711
using with, 19

lm(y~x) regression, 392
lm.influence influence testing function, 346
lme fixed effects in hierarchical sampling, 656

linear mixed effects, 630
summary of the statistical model, 349

lme and aov compared, 636, 644
lme4 installing the library, 5

library, 547, 605
lmer, 716
proportion data, 590

lmer binary response variable, 605
generalized linear mixed models, 655
generalized mixed models, 630
with poisson errors for nested count data, 546

proportion data, 590
rats data, 648
trends in time series, 716
variance components analysis, 640

lmList fit many linear regressions, 651
lmtest package on CRAN, 417
lnorm log-normal distribution, 208
loadings

factor analysis, 735
principal components analysis, 734

local maximum
polynomial functions, 199

locating multiple graphs using fig, 858
locating patterns within vectors

using regexpr, 83
locations of bars on the x axis of barplot,

257
locator fat arrows, 857

with fat arrows, 835
legend on a barplot, 761
legend placement in barplot, 466
to locate a legend on a barplot, 257
to position a legend on a plot, 138
with rect, 147
text on plots, 831

loess non-parametric smoothers, 151
soaysheep, 612
summary of the statistical model, 349

log base e, 10
introduction, 196
other bases, 10

log for additivity
Poisson errors, 327

log likelihood
normal distribution, 217

log linear models
count data as response variable, 324

log link
generalized linear models, 514

log odds transformation
linearizing the logistic, 572

log of zero
- Inf, 62

log transform both axes
log=“xy”, 831

log transform only the x axis
log=“x”, 831

log transform only the y axis
log=“y”, 831

log transformation
both axes for power laws, 198

log(dose)
bioassay, 576

log(x+1) polynomial approximation, 403
log(y)~sqrt(x) transformation, 330
log=“x” log transform only the x axis, 831
log=“xy” log transform both axes, 831
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log=“y” factorial function, 206
log transform only the y axis, 831
plot with a logarithmic axis for the y

variable, 169
log10 base 10 log function, 10
logarithm, 195
logarithmic axes

introduction, 830
logarithmic function, 196
logarithmic plots

for showing relative variability, 50
logarithms

geometric mean as the antilog of the average
of the logarithms, 49

and variability, 50
logic

involving NA, 27
logical

with dates and times, 90
in lists, 73
result of applying a numeric function, 74
type, 87

logical arithmetic, 25
counting cases, 753
introduction, 25
for piecewise regression, 428
wet?, 840

logical operators, 15
table of, 27

logical subscripts
for avoiding using loops, 61
introduction, 21
selecting rows from a dataframe, 116

logis logistic distribution, 208
logistic

equation, 662
logistic curve

percentage data, 570
logistic distribution

introduction, 234
logistic function, 203
logistic model

formula, 571
model criticism, 583

logistic regression
binary response variable, 324
glm with binomial errors, 574
proportion response variable, 324

logit
linear predictor with binomial errors, 573

logit link
generalized linear models, 514
logistic distribution, 235

logits
transformation to proportions, 579

logLik log-likelihood of a model, 354
log-linear models

complex contingency tables, 559
contingency tables, 549, 552
count data with Poisson errors, 516
induced defences, 554
Schoener’s lizards, 560
university admissions, 567

log-log transformation
power laws, 199

log-logistic
error distribution in survival models, 796

log-logistic distribution
introduction, 236

log-normal data
test of normality, 282

log-odds
logistic distribution, 235

lognormal
error distribution in survival models, 796

lognormal distribution
introduction, 234

logplots
dataframe, 830

logs
log functions in R, 11

longdata
dataframe, 180

longitudinal data
temporal pseudoreplication, 474

loop
histogram of the hypergeometric distribution,

248
slowness, 62

loop avoidance
introduction, 61
using lapply in lists, 73

loops see for loop
all the plotting symbols displayed, 139
demonstrating the central limit theorem, 213
introduction, 58
with substrings, 45

losses from experiments
censoring, 801

lottery
combinations, 242

lottery model
competing species, 820

lower constraint on step, 561
lower case

convert to lower case using tolower, 47
lowess non-parametric smoothers, 151
ls returns a vector of character strings giving

the names of the objects in the specified
environment, 8

lty 0 = invisible, 864
1 = solid, 864
2 = dashed, 864
3 = dotted, 864
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lty (Continued)
4 = dot-dash, 864
5 = long dash, 864
6 = two dash, 864
line types on plots, 167
lines types for survivorship curves, 804

lwd widths of lines, 865
lwd=8 fat lines, 865
lynx

arima, 727
dataframe, 717

ma3 function, 708
Maclaurin series

polynomial approximations to elementary
functions, 403

main heading for a graph, 206
main effects

plot.design, 176
make.sym.nb

spdep function, 771
Makeham

age-specific hazard models, 794
manova

dataframe, 487
manova multivariate analysis of variance, 487
Mantel’s permutation test

spdep function, 772
manuals for R, 3
many.means function, 65
map

adding place names, 144
map.places

dataframe, 143
maps

nearest neighbours, 750
from spdep objects, 773

mar margins of the plotting region, 859
plots close together, 868

margin.table sum of the table entries for a
given index, 564

marginal totals
contingency tables, 553
dangers with contingency tables, 556
degrees of freedom, 305
nuisance variables, 302
Schoener’s lizards, 560

margins
adding rows and columns to a dataframe,

130
with apply, 36
apply with a matrix, 68
calculations on rows and columns of a

matrix, 35
distance from the edges, 752
function, 819
row (1) and column (2) totals, 20

using sweep, 39
wrap-around margins, 815

margins around the plotting area
1 = bottom, 866
2 = left, 866
3 = top, 866
4 = right, 866
label on the right axis, 866
measured in lines of text, 866
par(mar), 866

market garden ozone
bartlett.test, 293
boxplot, 295
comparing two variances, 289
constancy of variance, 292
fligner.test, 293
var.test, 293

MASS
bacteria, 604
boxcox, 336
glmmPQL, 655
glm.nb, 543, 557
libraries in the base package, 4
mvrnorm, 237
truehist, 165
stormer, 682

match in dataframes, 127
introduction, 47
for translating numbers into binary, 61
versus %in%, 84

matching
arguments to functions, 64

matching characters in strings
charmatch, 83

mathematical functions
introduction, 195
table of function names, 11

mathematical symbols on plots
expression, 832

mathematics
introduction, 195

matlines for predicted values in regression, 414
matplot Leslie matrix, 265
matrices

introduction, 33
matrices in statistical modelling, 267
matrix

characteristic equation, 264
matrix using apply, 68

columnwise data entry, 258
coupled map lattice, 823
edges in a simulation model, 819
eigenvalue and eigenvector, 264
introduction, 33
inverse, 263
Leslie matrix, 264
naming rows and columns, 34
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occupancy map, 817
solving systems of linear equations, 274
subscripts, 20
two-by-two contingency tables, 551
type, 87

matrix algebra
introduction, 258

matrix approach to the famous five, 391
matrix multiplication, 259

in statistical modelling, 268
max maximum value in a vector, 17
maximal model

introduction, 325
maximum

with a loop, 62
using summary, 110

maximum likelihood
definition, 324
mixed effects models, 653
normal distribution, 216
unbiased, variance-minimizing estimators, 324

maximum likelihood estimate for k of the
negative binomial, 255

maximum likelihood estimates of regression
parameters, 388

maximum of a function
using optimize, 72

maximum quasi-likelihood, 517
maximum value in a vector

max, 17
mcheck function, 341
mcmc

installing the library, 5
mday day number in month, 89
mean binomial np, 243

comparing two means, 293
exact with random numbers, 219
function for arithmetic mean, 48
gamma distribution, 229
geometric distribution, 246
lifetime = 1/hazard, 787
lognormal distribution, 234
mean of the values in a vector, 17
na.rm=T, 14
Poisson distribution, 250
of proportion data, 580
sapply to a list of variables, 450
using summary, 110
trimmed mean, 185
type=“response”, 804
Weibull distribution, 237

mean age at death
reciprocal of the hazard, 793

mean of the values in a vector
mean, 17

mean squares
linear regression, 396

means
paired samples, 298
plot.design, 176
using tapply for groups of means, 18

means rather than differences between means in
summary.lm, 333

measurement error
longitudinal data, 475

mechanistic models, 326
in regression, 407

median, 17
box and whisker plot, 155
function, 48
median of the values in a vector, 17
plot.design, 176
using summary, 110

median polishing
spatial autocorrelation, 775

medians
using tapply for groups of medians, 18

Mendel’s peas
contingency tables, 550

menu bar, 3
RGui, 5

merge
by.x and by.y, 130
combine dataframes, 129
when the same variable has different names

in the two dataframes, 130
merging dataframes

introduction, 129
Mersenne twister

random number generation, 240
metacharacters, 84
metapopulation dynamics

introduction, 816
simulation models, 811

method of least squares
regression, 389

method=“ML” mixed effects models, 653,
656

method=“ML” replaced by REML=FALSE,
591

mfcol see mfrow
mfrow multiple graphs per page, 866
mfrow=c(1,1) default of one graph per page,

866
mfrow=c(1,2) one row of two

graphs, 866
mfrow=c(2,1) one column of two graphs, 866
mfrow=c(2,2) four graphs in two rows of two

columns, 866
mfrow=c(3,2) six graphs in three rows of two

columns, 866
mgcv libraries in the base package, 4

library, 602, 611
library function, 435
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Michaelis Menten
asymptotic relationship, 200
compared with asymptotic exponential,

664
equation, 662
families of nonlinear functions, 667
introduction to self-starting function, 674
self-starting nonlinear functions, 674

Michelson’s light data, 282
migration

host-parasite interaction, 823
metapopulation dynamics, 816

min minimum value in a vector, 17
minutes, 89
nearest neighbours, 752

minimal adequate model
analysis of deviance with count data, 533
contrasts and the number of parameters, 374
germination data, 579
introduction, 324, 325
mixed effects models, 636
multiple regression, 441
Schoener’s lizards re-analysed, 589

minimum
using summary, 110

minimum of a function
using optimize, 72

minimum of a vector function
using sapply, 71

minimum value in a vector
min, 17

minute as decimal number (00-59)
%M, 92

minutes
min, 89

mis-classification
discriminant analysis, 746
kmeans, 739, 741

missing arguments in function calls, 67
missing values

NA, 14
split-plot experiments, 472
statistical modelling, 352

mixed effects models, 356
compared with ancova, 654
error checking plots, 636
introduction, 627
library(lme4) and library(nlme), 628
maximum likelihood, 653
multiple error terms, 629
split plot experiments, 632
temporal pseudoreplication, 641
with temporal pseudoreplication, 645

mm
dataframe, 674

model
mis-specification, 356

model-checking
example, 357

model checking plots
corAR1, 647
in gls models, 783
mixed effects models, 636, 657
plot(model), 339

model choice
introduction, 324, 339
nonlinear regression, 665
power law, 411

model criticism
choice of a logistic model, 583
introduction, 339
in regression, 401

model formula
examples, 329
introduction, 329
piecewise regression, 427
regression, 334
tilde ∼ operator, 15

model object
extracting information, 359

model selection
generalized additive models, 619

model simplification
~. - (tilde dot minus) in model simplification,

334
analysis of covariance, 489
in analysis of covariance, 498
analysis of deviance with count data, 531
automated using step, 353
caveats, 328
complex analysis of covariance, 500
dangers with contingency tables, 556
degrees of freedom, 326
generalized additive models, 616
generalized linear mixed models, 591
glm with different slopes, 535
hierarchical sampling, 640
mixed effects models, 635
multiple regression, 433, 438
nonlinear regression, 663
overview, 327
proportion data, 578
quine, 542
stepAIC, 544
stepwise deletion, 374
survival data, 802, 806
time series models, 728
tree models, 690
two-way anova, 468

model$coef extracting parameter values from a
model summary, 363

model$df extracting the degrees of freedom
from a model summary, 363
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model$fitted extracting the fitted values from a
model summary, 363

model$resid extracting the residuals from a
model summary, 363

SilwoodWeather, 711
model.boot function, 523
model.matrix create a table of dummy

variables, 192
model.tables effect sizes, 458

in factorial anova, 480
models

effect sizes, 178
fitting models to data, 324
introduction, 326

modulo %%, 11
in calculating medians, 48
for translating numbers into

binary, 60
moments

mean, variance, skew and kurtosis,
285

mon month, 89
mono fonts for text, 831
Monte Carlo experiment

on age at failure, 787
month

mon, 89
month as decimal number (01-12)

%m, 92
month name, abbreviated

%b, 92
month name in full

%B, 92
month.abb function providing names of

months in abbreviated form, 840
month.name function providing names of

months in full, 840
Moran’s I

spdep function, 771
mortality

proportion data, 569
survival analysis, 791

mosaicplot contingency table plots, 565
mouse-click

cursor in graphics, 138
moving average

introduction, 708
order in arima, 726

moving average models
time-series analysis, 726

mtext for naming bars in barplot, 257
text in the margins of a plot, 867

mu mean in the negative binomial, 76
multcomp package on CRAN, 485
multi function, 249
multi-collinearity

multiple regression, 448

multi-dimensional tables
producing flat tables with ftable, 185

multi-line functions
in loops, 58
using curly brackets { }, 47

multinomial distribution
introduction, 249

multiple comparisons
introduction, 482
pairwise.t.test, 483
TukeyHSD, 483
Tukey’s Honest Significant Difference, 160

multiple error terms
aov, 470
in aov, 333
mixed effects models, 629
split-plot experiments, 469

multiple expressions on one line using, 10
multiple graphs on same screen

location with fig, 858
fig, 858
layout, 860
mfcol, 849, 866
mfrow, 866
new=T, 866

multiple K-functions
spatstat function, 767

multiple plots
labels in the outer margin, 868

multiple regression
introduction, 433
parameter proliferation, 445
quadratic terms, 436
selecting which interaction terms to include,

445
step, 441
y~x+w+z, 330

multiple returns from a function, 67
multiple screens on a single device

split.screen, 862
multiples

testing using modulo, 12
multiplication of matrices, 259
multivariate analysis of variance

introduction, 487
multivariate normal distribution, 237
multivariate statistics

introduction, 731
murder data

with readLines, 105
mvrnorm correlated random numbers, 237

n power analysis, 317
replications, 482
sample size, 52
small sample problems in multiple

regression, 443
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NA counting the NA cases in each variable of a
dataframe, 120

drop rows from a dataframe, 119
in logical tests, 27
missing values, 14
produced by match, 47
replacing -Inf, 62
with tapply, 186

na.action introduction, 352
NULL for time series, 352
what to do about missing values, 350

na.exclude like na.omit but the residuals and
predictions are padded to the correct length
by inserting NAs for cases omitted, 120

na.fail
na.action, 352

na.omit leave out rows from a dataframe
containing one or more NA, 119

take out NA introduced by as.numeric, 106
na.rm with tapply, 186
na.rm=T remove missing values, 14
names in barplot, 56

changing variable names in a dataframe, 187,
559

elements of a vector, 17
problems with attach, 18
shortening a dataframe, 585
variables within a dataframe, 109

names components
extracting information from model objects,

359
names for barplot

as.character, 244
names of 657 colours, 854
names=levels orthogonal polynomials, 386
naming columns in a dataframe, 190
naming factor levels, 186
naming the rows and columns of a matrix, 34
NaN not a number in R, 13
National Lottery

combinations, 242
naydf

dataframe, 770
nb class of neighbour object in spdep, 769
nb2listw

spdep function, 771
nbinom negative binomial distribution,

208
nchar count the numbers of characters in a

vector of strings, 44
ncol number of columns in a matrix, 258
NDC

normalized device coordinates, 863
nearest neighbours

edges, 752
expected mean distance to, 754
introduction, 750

negative binomial
pattern analysis, 750, 761

negative binomial data
export data from R, 76
introduction, 251
variance mean ratio, 538

negative binomial errors
compared with quasipoisson errors, 556
demonstration plot, 342
introduction, 543

negative binomial random numbers
histogram, 163

negative loadings
principal components analysis, 734

negative powers
reciprocals, 196

negative sigmoid, 204
negative subscripts, 24

in character searches, 81
nearest neighbours, 751
removing columns from a dataframe, 189
zero length vector, 15

negbin function, 252
neighbour relations

plot, 771
simulation models, 811
spatially-explicit models, 816, 818

neighbours
count the occupied neighbouring cells, 820

nested analysis
y~a/b/c, 330

nested count data
lmer, 546

nested designs, 472
analysed with lmer, 648

nesting
with Error, 470
mixed effects models, 627
model formulae, 332

nesting of an explanatory variable
/, 331

nesting structure
block/irrigation/density, 632

neural networks, 747
introduction, 731

new line
\n, 55, 100, 101

new.lizards
dataframe, 586

new=T multiple graphs on top of each other,
866

a second graph is to be plotted, 859
nhood function, 820
niche analysis

Schoener’s lizards, 560
Nicholson-Bailey model

host-parasite interaction, 823



INDEX 915

Nicholson’s blowflies
time series analysis, 701

nlme families of nonlinear functions, 669
libraries in the base package, 4
library, 778
nonlinear time series models, 671
summary of the statistical model, 349

nls non-linear functions, 150
nonlinear regression, 663
SSmicmen, 674
summary of the statistical model, 349
viscosity data, 682

nlsList families of nonlinear functions, 668
nlsList compared with nlme shrinkage, 671
nndist

spatstat function, 767
nnet libraries in the base package, 4
nnwhich

spatstat function, 767
node

tree models, 697
node numbers

tree models, 688
nodes

tree models, 687
non-centrality

chi-squared distribution, 222
non-constancy of variance

generalized linear models, 512
heteroscedasticity, 291
model criticism, 339
proportion data, 569

non-equilibrium behaviour
random walk, 815

non-independence of errors
pseudoreplication, 629

non-linear functions
drawing curves, 149
summary, 662

non-linear least squares
sapply, 70

non-linear terms
model formulae, 331
in model simplification, 326

non-linearity
model mis-specification, 357

non-normal errors
generalized linear models, 512
introduction, 285, 340
Michelson’s light data, 283
model criticism, 339
multiple regression, 439
plot to test for, 220
proportion data, 569
residual plots, 340

non-orthogonal data
order matters, 328

non-parametric smoothers
coplot, 171
GAM, 518
generalized additive models, 611
generalized additive models, gam, 435
lines through scatterplots, 151
pairs, 170

non-parametric tests
Wilcoxon rank-sum test, 297

non-parametric tests compared to parametric,
301

nonlinear
dataframe, 671

nonlinear mixed effects model
nlme, 671

nonlinear regression
fitting groups of curves, 667
introduction, 661

nonlinear time series models
temporal pseudoreplication, 671

noquote remove the quotes from
characters, 44

norm normal distribution, 208
normal curve

colouring parts using polygon, 148
normal distribution

introduction, 210
maximum likelihood, 216

normal equations
in matrix notation, 272

normal errors
demonstration plot, 341
deviance, 516
model mis-specification, 356
scale of measurement, 327

normality
tests of, 281

normalized device coordinates
defining a screen, 863

normally distributed errors
classical tests, 279

northings, 143
not missing values

!is.na, 84
notation

numbers with exponents, 11
scientific notation with signif, 11

notch plot
box data, 159

notch=T market garden ozone, 295
to show significance in boxplot, 156

nrow number of rows in a matrix, 258
nrow= in defining matrices, 33
n-shaped function beta distribution, 232
nugget

variogram parameters, 775
nugget=T in gls models, 782
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nuisance variables
contingency tables, 553
conversion of count data to proportion data,

584
dangers with contingency tables, 556
marginal totals, 302
Schoener’s lizards, 560

NULL in a list, 35
null hypothesis

Type I and Type II error rates, 305
null model

introduction, 325
y~1, 330, 333

number, not
NaN, not a number in R, 13

numbers function, 813
numbers with exponents, 11
numeric creating an object, 55

in lists, 73
type, 87

numeric functions
on character or logical objects, 74

object structure of an object using str, 768
objects names of the objects in the specified

environment, 4
objects( ) to see the variables in the current

session, 7
observed and expected frequencies

assocplot, 564
introduction, 549
mosaicplot, 565

observed frequencies
negative binomial distribution, 256
Pearson’s chi-squared, 303

Occam’s razor
applied to tests, 279
principle of parsimony, 325

occupancy map
matrix, 817

occupation
dataframe, 597

occupation of patches
metapopulation dynamics, 816

odd numbers
testing using modulo, 12

odds
introduction, 571
logistic distribution, 235

odesolve installing the library, 5
library for ordinary differential equation

solutions, 275
offset explain some of the variation in a

specified way, 350
introduction, 518
in linear models, 352
of text on a plot, 142

offsets
timber volume, 518

Old Faithful
data in MASS, 164

oma outer margins of a plot, 867
omission of explanatory variables

dangers with contingency tables, 553
one sample t-test

on differences, 299
one-way anova

effect sizes, 458
introduction, 449
plot with TukeyHSD, 160
power.anova.test, 318

optimize searches for the minimum or
maximum of a function, 72

optional arguments, 64
options contrasts=c(“contr.treatment”,

“contr.poly”), 374
control of significance stars, 7

or
with if is ��, 27

OR (� for logical OR)
in string matching, 85
testing for the margins in a random walk, 815

OrchardSprays
dataframe, 169, 842
dataframe in base package, 19

order on dates or times, 126
introduction, 31
is.ordered, 382
order the values in a vector, 17
points in ordered sequence, 95, 153
for sorting dataframes, 113
sorting a dataframe, 584
time-series analysis, 726
with unique to remove pseudoreplication,

121
order dependence

in setdiff, 78
order matters

introduction, 328
multiple regression, 433
summary.aov, 507

order of deletion
introduction, 328

order the values in a vector
order, 17

order(a,b,c) sequence of AR order, degree of
differencing and order of moving average,
727

ordered convert a factor to an ordered factor,
382

tables of ordered factor levels, 185
ordered boxplots, 159
Orobanche

data, 578
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orthogonal contrasts
introduction, 368
testing for orthogonality, 372

orthogonal polynomial contrasts
introduction, 381
coefficients, 384

orthogonal variables
introduction, 328

outer combinations of T and F, 27
trellis plots, 642

outer margins of a plot
par(oma), 867

outer=T to write in the outer margin, 868
outliers

box and whisker plot, 155
classical tests, 279
influence, 345
Michelson’s light data, 283

output line, 6
ovary

dataframe, 645
over-interpretation

tree models, 688
overdispersion

count data, 540
dangers with contingency tables, 553
example, 576
generalized linear mixed models, 590
introduction, 522
model criticism, 339
with proportion data, 573
proportion data, 578
quasibinomial, 573
regression with count data, 528

overlap between shingles in coplot, 172
overlap

setdiff, 78
overlapping points

jitter, 597
sunflowerplot, 180

overlaying a smooth density function on a
histogram, 162

overlays
new=T, 859

over-parameterization
ancova compared with mixed models, 654
multiple regression, 434, 446

ozone in gardens
comparing two variances, 289
constancy of variance, 292

ozone.data
dataframe, 170, 434, 614

p probability of success in a binomial trail, 242,
570

p value
extracting from a model summary, 363

Fisher’s F test, 290
introduction, 282
linear regression, 399
one-way anova, 457

packages
available from CRAN, 5

pair correlation
from ppp object, 766

pairdist
spatstat function, 767

paired
dataframe, 312

paired randomization
in analysis of covariance, 500

paired samples
Student’s t test, 298

pairs multiple scatterplots in a matrix, 170
ozone.data, 615
panel=panel.smooth, 434
pollution example, 443
taxa, 740

pairwise.t.test multiple comparisons,
483

palette
groups of colours, 854

palette(“default”) return to the default palette,
856

palettes
gray, 855
heat.colors, 855
rainbow, 855
terrain.colors, 855

panel function, 836
panel barplots

barchart, 838
panel boxplots

bwplot, 837
panel histograms

histogram, 840
panel labels

strip, 841
panel plots

background, 836
xyplot, 174

panel scatterplots
x�z “given”, 836

panel.abline ethanol, 839
trellis plots, 837

panel.grid ethanol, 839
panel.groups panel plots, 842
panel.smooth sulphur.dioxide, 443
panel.superpose panel plots, 842
panel.xyplot ethanol, 839

trellis plots, 837
panel=panel.smooth in pairs, 434

option for coplot, 171
option for pairs plots, 170
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panels
dataframe, 174

par in trellis graphics, 175
introduction to graphics parameters, 847

par(family) fonts for text, 831
par(fig), 858
par(mar), 859

margins around the plotting area, 866
par(mfrow=c(1,1)) introduction, 152

revert to one graph per page, 220
par(mfrow=c(1,2)) Cauchy distribution, 233

chi-squared distribution, 223
curved linear models, 334
frequency distribution data, 537
logistic distribution, 235
simulated time series, 722
two graphs in one row, 68, 157, 165

par(mfrow=c(2,2)) bell-shaped curves, 210
beta distribution, 232
contrasting graph styles, 827
correlations at lags, 703
data summary, 280
density, cumulative probability, quantiles and

random numbers from the normal
distribution, 218

different tck options, 871
four graphs in two rows of two columns, 152
gamma distribution, 229
generating the central limit theorem, 215
group membership, 738
polynomial functions, 200
population dynamics, 812

par(oma) outer margins of a plot, 867
par(plt) shape of the plot region, 858
par(“usr”) current coordinates for the plotting

surface, 835
limits of the current axes, 847

parallel as lattice plots, 175
parallel maxima and minima, 20

function, 66
parallel maxima of the values in a set of vectors

pmax, 17
parallel minima of the values in a set of vectors

pmin, 18
parameter estimation

for sapply, 70
parameter proliferation

multiple regression, 443
parameter reduction

model simplification, 469
parameter values

non-linear functions, 150
parameter values from a model summary

model$coef, 363
parameters

analysis of variance, 366
complex analysis of covariance, 504

and degrees of freedom, 52
of different models, 326
extracting from a model

summary, 361
interactions between explanatory variables,

331
linear models, 334
nonlinear regression, 661
for one-way anova, 460
from the summary.lm table, 365
trade-off with fit, 353

parameters and variables
in regression, 387

parameters for families on non-linear functions
coef, 670

parametric term or non-parametric smoother,
625

parametric tests compared to non-parametric,
301

parasite function, 823
parasites

dataframe, 192
parentheses

continuation + symbol, 9
parsimony

applied to tests, 279
of different models, 326
Occam’s razor, 325

partial autocorrelation
introduction, 702

partial correlation
introduction, 312

partial matching on tags, 64
partition.tree classification tree, 697
partitioning

kmeans, 738
paste to create POSIXlt dates and

times, 93
creating formula objects, 332
with expression in xlab, 832
function to create dimnames, 35
homemade function for reading dataframes,

99
for joining character strings, 44

path name
for reading files, 98

pattern analysis
distance measures, 750
point processes, 749
quadrat based counts, 758

pattern generation
simulation models, 811
spatial simulation, 822

pattern in the residuals
model criticism, 339

pattern matching
introduction, 79
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pattern matching in vectors
special characters, 85
using regexpr, 83

pattern recognition
stripping out text, 86

patterns
weather data, 713

pause for a specified number of seconds using
Sys.sleep, 102

pbeta cumulative probabilities (distribution
function) of the beta distribution, 208

pbinom
barplot for a histogram, 244
cumulative probabilities (distribution

function) of the binomial distribution,
208

PC1
first principal component, 733

PCA
principal components analysis, 731

pcauchy cumulative probabilities (distribution
function) of the cauchy distribution, 208

pcf pair correlation function, 767
pch

as.numeric, 491
with as.numeric, 141
symbols explained, 141
with subscripts, 534

pch=16 plotting with solid circles, 55
regression, 388

pchisq confidence interval for sample
estimates, 223

contingency tables, 551
cumulative probabilities (distribution

function) of the chi-squared distribution,
208

plots, 223
Type I error, 221

PCRE library
perl regular expressions, 86

Pearson’s chi-squared
calculation, 551
chisq.test, 305
comparing observed and expected

frequencies, 258, 303
contingency tables, 549
negative binomial distribution, 539
observed and expected frequencies from a

negative binomial pattern, 761
Pearson’s product-moment correlation

cor.test, 313
penalized log-likelihood

Akaike’s information criterion, 353
penalized quasi likelihood

generalized linear mixed models, 655
percent symbols

%% modulo, 11

%/% integer quotient, 11
percentage data

introduction, 570
perfect fit

orthogonal polynomials, 385
period doubling route to chaos, 812
periodogram

spectral analysis, 717
perl regular expressions

introduction, 86
text searching conventions, 82

perm.cond trellis plots, 836
persp demonstration, 4

3-dimensional plots, 843
perspective plots

viewing angle, 845
petals for each data point

sunflowerplot, 180
pexp cumulative probabilities (distribution

function) of the exponential distribution,
208

pf cumulative probabilities (distribution
function) of the Fisher’s F distribution, 208

Type I error, 222
pgamma cumulative probabilities (distribution

function) of the gamma distribution, 208
pgd

dataframe, 732
pgeom cumulative probabilities (distribution

function) of the geometric distribution, 208
pgfull

dataframe, 732, 742
pgr

dataframe, 142, 179, 829, 843
phase planes

drawing arrows, 833
phi colatitude, 845
phyper cumulative probabilities (distribution

function) of the hypergeometric
distribution, 208

pi R function to give the value of pi
(3.141593), 10

pie function to draw a pie chart, 169
pie charts

with different palettes, 855
introduction, 168

piecewise exponential
error distribution in survival models, 796

piecewise regression
introduction, 425
model formula, 427
optimal break point, 427
threshold, 603

piedata
dataframe, 168

Pivot Table in Excel, 108
summary tables, 183
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place names
adding text to a map, 144

plain text
font, 857

plant-herbivore interaction
odesolve, 277

platykurtosis
introduction, 288

plnorm cumulative probabilities (distribution
function) of the log-normal distribution,
208

plogis cumulative probabilities (distribution
function) of the logistic distribution, 208

plot
all.effects, 178
both x and y with error bars, 58
with a categorical explanatory variable, 154
changing the font for text, 831
clears the screen unless new=T, 866
with coloured symbols, 136
complex analysis of covariance, 504
complex plot layouts, 862
for data of class ts (time series), 95, 167
decompositions of time series, 715
differences in time series, 719
different points in different colours, 142
drawing mathematical functions, 144
the empirical cumulative distribution

function, 241
families of nonlinear functions, 668
group membership, 738
groupedData, 642, 668
incidence functions, 596
introduction, 135
maps from coordinates, 750
methods for contingency tables, 564
mixed effects models, 647
nearest neighbours joined, 769
neighbour relations, 771
PC1 against explanatory variables, 735
prcomp, 733
using sapply, 71
standard error against sample size, 55
survivorship curves, 809
a time series object, 702, 714
times and dates, 95
tree models, 686
TukeyHSD, 160
type=“l”, 710
using with, 19
Variogram, 783

plot families of nonlinear functions
augPred, 669

plot region
changing shape with plt, 858

plot sizes
split-plot experiments, 469

plot(model) constancy of variance, 292
generalized additive models, 617
introduction, 357
mixed effects models, 657
mixed effects models error checking,

636
model checking, 339
multiple regression, 439
one-way anova, 457
in regression, 401
statistical modelling, 349

plot(y) index plot, 280
plot(y∼x), 196

summary of key points, 181
plot.design design plots, 176

effect sizes, 458
effects in designed experiments, 176

plot.gam NOX example, 621
plot.ts plot as a time series, 717

simulated time series, 722
two time series, 718

plotfit
dataframe, 149

plotmath demonstration, 4
plots

3-dimensional plots, 842
log plots for indicating relative

variability, 50
mixed effects models error checking, 636
for multiple comparisons, 158
removing the title with main=““, 213
for single samples, 280
summary of key points, 181
sunflowerplot, 180

plots close together
use small mar, 868

plots for one-way anova, 461
plots for single samples, 161
plots of ordered factor levels, 291
plots of time series, 167
plotting

introduction to graphics parameters, 847
plotting points in ordered sequence, 153

plotting margins
distance from the edges, 752

plotting nonlinear time series
augPred, 672

plotting regions
layout.show, 861

plotting symbols
all the symbols displayed, 139
colours by number, 139

plus +
line continuation, 2

pmax introduction, 20
parallel maxima of the values in a set of

vectors, 17
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pmin distance from the edges, 753
introduction, 20
parallel minima of the values in a set of

vectors, 17
pnbinom cumulative probabilities (distribution

function) of the negative binomial
distribution, 208

pnorm cumulative probabilities (distribution
function) of the normal distribution, 208

curves plotted, 218
probability calculations from the normal

distribution, 212
point process models

ppm, 768
point processes

introduction, 749
point products

matrix multiplication, 259
points to add new points to a graph, 136

all the plotting symbols displayed, 139
with colour, 348
coloured in a random walk, 815
creating bubbles with cex, 853
of different colours, 137
different colours, 753
different colours on a graph, 650
different points in different colours, 142
identifying individuals, 753
period doubling route to chaos, 813
with split, 581
summary of key points, 181

points and lines
type=“b”, 68

points not lines
type=“p”, 68

points overlapping
sunflowerplot, 180

points within a region
Ripley’s K, 754

pois Poisson distribution, 208
Poisson

random numbers from a Poisson
distribution, 35

Poisson distribution
introduction, 250

Poisson errors
contingency tables, 552
deviance, 516
log for additivity, 327
overdispersion, 522
square root for constancy of variance, 327
standardized residuals, 520
two-thirds power for normality of errors, 327

pollute
dataframe, 311, 685

poly
dataframe, 381

poly polynomial terms, 332
poly2nb

spdep function, 773
polygon add a polygon to a plot, 146

for defining curved objects, 148
shading, 829
to draw fat arrows, 835
using locator to position the corners, 147

polygon lists
spdep function, 773

polylist
spdep function, 773

polynomial approximations to elementary
functions, 403

polynomial contrasts
coefficients, 384
introduction, 381

polynomial functions
shapes plotted, 199

polynomial regression
compared with contr.poly, 383
correlation between powers of x, 383
introduction, 404

polynomial terms
model formulae, 332

polynomials
model formulae, 331

pooled error variance
contrasts, 367
one-way anova, 456

population dynamics
solving ordinary differential equations, 275
survival analysis, 791

pos to locate text in relation to coordinates, 771
of text on a plot, 142

positional matching, 64
positions within character strings

using regexpr, 83
positive loadings

principal components analysis, 734
POSIX

metacharacters, 84
POSIXlt

class for representing calendar dates and
times, 89

power
dataframe, 409
Gamma errors, 790
sample size for a binomial test, 550
sample sizes for estimating presence absence

status, 245
power analysis

introduction, 317
power functions, 195
power law

linear regression, 409
introduction, 197
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power zero, 195
power.anova.test power analysis for a balanced

one-way analysis of variance, 318
power.prop.test power analysis for a test of

two proportions, 318
power.t.test power analysis for a 2-sample t

test, 318
powers

exponential function, 210
model formulae, 331

powers and indices, 195
powers in model formulae, 331
ppinit set up data from the spatial library, 757
ppm point process models, 768
ppois cumulative probabilities (distribution

function) of the Poisson distribution, 208
ppp data setup for spatstat, 764
PQL penalized quasi likelihood, 546
prcomp introduction, 732
predict back-transformation from logits, 580

for detrending a time series, 707
fitted values from a non-linear model, 150
glm with different slopes, 535
instead of augPred, 672
with loess, 612
nonlinear regression, 663
orthogonal polynomials, 385
smooth line for exponential decay, 409
smoothers compared, 152
SSlogistic, 678

predict from the model
predict(model), 350

predict(model) introduction, 400
predict from the model, 350

predict(type=“response”)
glm with binomial errors, 576
incidence functions, 596

prediction
nonlinear regression, 665

prediction with the fitted model
introduction, 400

presence absence
runs test on binary data, 75

pretty
scaling for graph axes, 137

primary covariate
in trellis graphics, 173

principal components analysis
biplot, 733
introduction, 731

principle of parsimony
Occam’s razor, 325

print classification tree, 696
in a loop, 58
tree models, 688

print the results of an evaluation
( ), 68

prior weights
standardized residuals, 521

prob is k/�u + k� for the negative binomial
random numbers, 187

probability of success in the negative
binomial, 76

prob= weighted sampling, 33
probabilities

chisq.test with varying probabilities,
307

probabilities in contingency tables
rescale.p=T, 551

probability
independent events, 302

probability calculations from the normal
distribution, 211

probability density
introduction, 164, 209
overlay on a histogram, 162, 214

probability distributions
continuous, 207

probability functions
introduction, 206

probit transformation
percentage data, 570

problems
multiple regression, 448

proc.time for timing R execution, 62
productivity

dataframe, 314
products

point products in matrix multiplication, 259
profile likelihood

nls, 676
projections of models

multcomp, 487
promotion

gender bias, 301
prompt, 9

>, 2
prop.table tables of proportions, 191
prop.test pseudoreplication, 607

two proportions compared, 301
propagules

metapopulation dynamics, 816
proportion data

binomial denominator, 569
binomial errors, 514
cbind, 569
generalized linear mixed models, 590
introduction, 569
lmer, 590
overdispersion, 573

proportion dead
subjectivity, 790

proportion response variable
logistic regression, 324



INDEX 923

proportions
back-transformation from logits, 579
power.prop.test, 318
in tables, 190

prune.tree model simplification with tree
models, 691

pruning
model simplification with tree models, 691

pseudo-random number generation
Mersenne twister, 240

pseudoreplication
in analysis of variance, 469
analyzing the rats data the wrong way, 476
bacteria, 606
binary response variable, 604
with count data, 546
dealing with it using lme, 644
elimination from a dataframe, 121
introduction, 629
mixed effects models, 627
multiple regression, 448
removal of, 474
split-plot experiments, 469
trends in time series, 716

psignrank cumulative probabilities
(distribution function) of the Wilcoxon’s
signed rank statistic, 208

pt cumulative probabilities (distribution
function) of the Student’s t distribution,
208

market garden ozone, 296
pty=“s” set up data from the spatial library, 757

square plotting region, 750, 868
publication

citing R, 1
punif cumulative probabilities (distribution

function) of the uniform distribution, 208
pure error variance

lack of fit, 415
p-value, 279

Fisher’s F test, 53
pweibull cumulative probabilities (distribution

function) of the Weibull distribution, 208
pwilcox cumulative probabilities (distribution

function) of the Wilcoxon rank sum
distribution, 208

Pythagoras
nearest neighbours, 751

Q quadratic contrast in contr.poly, 382
qbeta quantiles of the beta distribution, 208
qbinom quantiles of the binomial, 244

quantiles of the binomial distribution, 208
qcauchy quantiles of the cauchy distribution,

208
qchisq critical value, 305

Pearson’s chi-squared, 258

quantiles of the chi-squared distribution, 208
Type I error, 222

qexp quantiles of the exponential distribution,
208

qf comparing two variances, 289
introduction, 224
quantiles of the Fisher’s F distribution, 208

qgamma, 230
quantiles of the gamma distribution, 208

qgeom quantiles of the geometric distribution,
208

qhyper quantiles of the hypergeometric
distribution, 208

qlnorm quantiles of the log-normal
distribution, 208

qlogis quantiles of the logistic distribution, 208
qnbinom quantiles of the negative binomial

distribution, 208
qnorm curves plotted, 218

quantiles of the normal distribution, 208
qpois quantiles of the Poisson distribution, 208
qq as lattice plots, 175

quantile plots for comparing two
distributions, 175

QQ plot
in regression, 401

qqline non-normality of errors, 341
tests of normality, 281

qqmath as lattice plots, 175
quantile plots against mathematical

distributions, 175
qqnorm mixed effects models, 647, 657

non-normality of errors, 341
random effects, 660
in regression, 401
∼resid, 783
tests of normality, 281

qsignrank quantiles of the Wilcoxon’s signed
rank statistic, 208

qt calculating confidence intervals, 55
critical value of Student’s t, 295
graph of, 227
quantiles of the Student’s t distribution, 208
Type I error, 222

quadrat based pattern analysis, 758
quadrat counts

scale dependence, 750
quadratcount

ppp object, 765
quadratic contrast in contr.poly

Q, 382
quadratic map

population dynamics, 811
quadratic terms

binary response variable, 603
curved relationships, 199
I (upper case i), 332
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quadratic terms (Continued)
in model simplification, 326
multiple regression, 436, 440
in regression, 404

quantile bootstrap, 284
bootstrap for nonlinear regression, 683
bootstrapped confidence interval, 320
bootstrapped slopes, 419
quantiles of the values in a vector, 17
runs test on binary data, 76

quantile-quantile plots
qqnorm and qqline, 281

quantiles of the values in a vector
quantile, 17

quartiles
using summary, 110

quasi errors
overdispersion, 522

quasi-likelihood
introduction, 516

quasibinomial germination data, 578
lmer, 590
Orobanche, 578
overdispersion, 573

quasibinomial errors
overdispersion, 522

quasipoisson analysis of deviance with count
data, 530

compared with negative binomial errors, 556
gender effects on blood cell counts, 557
overdispersion, 522
regression with count data, 528

quiet argument to scan, 103
quine

dataframe, 540
qunif quantiles of the uniform distribution, 208
quotient

integers %/%, 11
qweibull quantiles of the Weibull distribution,

208
qwilcox quantiles of the Wilcoxon rank sum

distribution, 208

R background, vii
core team, viii
editor, 5
help, 2
installation, 1
installation manual, 3
language definition, 3
originators, viii

R extensions, 3
r squared

extracting from a model summary, 362
and model adequacy, 404, 412
SSR/SSY, 394
from the summary.lm table, 395

radians
definition of, 10
to degrees, 197
sin(x), 403

radioactive emissions, 70
ragwortmap2006

dataframe, 763, 776
rainbow palette for barplot, 466

palettes, 855
random

point processes, 749
random effects, 479

analysed with lmer, 648
binary response variable, 605
introduction, 627
lmer with poisson errors, 547
longitudinal data, 475
model formula, 631
slopes in mixed models, 652
split plot experiments, 632
variance components analysis, 638
on variances, 472

random individuals
distance measures, 750

random number generation
Mersenne twister, 240

random numbers
with exact mean and standard deviation, 219

random or fixed effects, 473
random points

distance measures, 750
random settlement

sample, 817
random walk

Cauchy distribution, 233
map from coordinates, 814
non-equilibrium behaviour, 815
simulated time series, 724

randomization
in analysis of covariance, 500

randomness
runs test on binary data, 76

range range (maximum and minimum) of the
values in a vector, 17

to scale the graph axes, 138
range

variogram parameters, 775
range (maximum and minimum) of the values

in a vector
range, 17

rank introduction, 31
negative ranks to reverse sort on factor

levels, 122
rank the elements of a vector, 17

rank test
effect of ties, 298
Wilcoxon rank-sum test, 297
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rank the elements of a vector
rank, 17

rate
gamma distribution, 229

rats
analysed with lmer, 648
dataframe, 475

raw
type, 87

Rayleigh
age-specific hazard models, 794

rbeta example, 232
random numbers from the beta distribution,

208
RBG

red/green/blue components of colour, 855
rbind add rows to an object, 37

adding rows to a dataframe, 131
rbinom random numbers from the binomial

distribution, 208
random samples from a binomial distribution,

246
rcauchy random numbers from the cauchy

distribution, 208
rchisq random numbers from the chi-squared

distribution, 208
RColorBrewer package, 856

BrBG, 856
Greens, 856
Spectral, 856

reaction
dataframe, 667

read each line of a file separately
with readLines, 104

read.csv input comma delimited files, 99
text containing blanks, 143

read.csv2 semicolon field separators in the
input file, 100

read.delim input without header=T argument,
99

read.gwt2nb reading spatial data, 769
read.table, 16

causes of failure, 109
failure from too many variable names, 99
file.choose, 99
Gain, 6
houses, 31
introduction, 98
select a variable to represent row names,

123
set the working directory using setwd, 101
without variable names in top row, 192

reading data from the keyboard using scan, 16
reading spatial data

introduction, 769
readLines compared to scan, 106

read each line of a file separately, 104

real numbers
testing for equality, 77

reciprocal link
generalized linear models, 514

reciprocal transformation, 202
age at death, 231

reciprocals
harmonic mean, 51
negative powers, 196

reciprocals in a model formula
I (upper case i), 332

re-coding continuous variables as
factors, 62

recruitment of patches
metapopulation dynamics, 817

rect add a rectangle to a plot, 146
recursion

simulated time series, 723
reduced lengths of factors

shortened dataframes, 186
redundant parameters

introduction, 366
in model simplification, 326

refuge
dataframe, 291

reg.boot function, 420
regdat

dataframe, 418
regexpr pattern matching in vectors, 83

stripping out text, 87
regexpr compared with grep, 83
regression

anova table, 396
coef(model), 360
continuous explanatory variable, 323
dangers of extrapolation, 412
dataframe, 359, 388, 412
degrees of freedom, 52
effects(model), 360
fitted(model), 360
introduction, 387
jackknife to assess influence, 422
lm(y∼x), 392
mixed effects models, 650
model formulae, 334
resid(model), 360
as a tree model, 689
y∼x, 330

regression and analysis of variance compared,
416

regression design
detecting thresholds, 415
maximizing SSX, 415

regression on a plot
with abline, 136

regression parameters
in matrix notation, 273



926 INDEX

regression tree
tree models, 688

regressions, several
lme, 652
lmList, 651

regular
point processes, 749

regular expressions
pattern matching in vectors, 85

regular spatial pattern
Ripley’s K, 754

relational database
using match, 47
using match with dataframes, 127

relational operators, 15
relative growth rate

introduction, 570
remainder

decompositions of time series, 715
modulo %%, 11

REML, introduction, 639
do not change fixed effects in lme, 635
not used for changes to fixed effects, 653
restricted maximum likelihood, 635

REML=FALSE, 591
remove duplicate rows in a dataframe, 125
remove missing values

na.rm=T, 14
remove the intercept from a model

-1, 333
removing columns from a dataframe, 189
removing pseudoreplication, 474

proportion data, 608
from the rats data, 476

removing unwanted variables
using rm, 101

removing variables
rm, 8

rep in barplot, 57
creating factor levels, 187
function to generate repeated values, 27
rows in a dataframe, 124

repeat function for loops, 59
repeated measures

mixed effects models, 645
repeats

introduction, 27, 58
repeats in pattern search

{5}, 81
replace=T sample with replacement, 215

sampling with replacement, 33
replacement

sampling with, 32
replication

standard errors of contrasts, 374
replication in regression designs, 415
replications replicates at each factor level, 482

resampling data points
bootstrapped regression, 420

rescale.p=T
chisq.test, 551

resid(model) regression, 360
residuals from the model, 350

residual and fitted value plot
rfs, 175

residual deviance
overdispersion, 573

residual plots
curvature, 340
heteroscedasticity, 340
non-normality, 340
temporal correlation, 340
testing for influence, 344

residual standard error
summary of the statistical model, 362

residual.boot function, 421
residuals

definition, 389
introduction, 520
mixed effects models, 647
model$resid, 711
standardized residuals, 520

residuals from a model summary
model$resid, 363

residuals from the model
resid(model), 350

residuals normally distributed
assumptions of linear regression, 389

resolving names
problems with attach, 18

response matrix for proportion data, 569
response variable

choosing the right test, 323
the y axis of the plot, 136

return values from a function, 59
returning values from a function

introduction, 66
rev(order(y)) put into declining

order, 32
for sorting dataframes, 113

rev(sort(y)) sort into reverse (declining)
order, 22

reverse sort on factor levels
use negative rank, 122

rexp age at death, 231
random numbers from the exponential

distribution, 208
rf random numbers from the Fisher’s F

distribution, 208
rfs as lattice plots, 175

residual and fitted value plot, 175
rgamma random numbers from the gamma

distribution, 208
rgb red green blue function, 855
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rgeom random numbers from the geometric
distribution, 208, 246

RGR
relative growth rate, 570

RGui
menu bar, 5

rhyper, 248
random numbers from the hypergeometric

distribution, 208
Ricker curve

drawing the function, 149
equation, 662

right arrow
for editing, 9

right axis
axis 4, 834

Ripley’s K
introduction, 754
Kfn, 757
from ppp object, 766
spatial library, 5

risk score
Cox’s proportional hazards model, 796

rle run length encoding, 74
rlm in MASS, 432
rlnorm random numbers from the log-normal

distribution, 208
rlogis random numbers from the logistic

distribution, 208
rm function to remove variables, 8

removing unwanted variables, 101
rm(list=ls()) tidying up, 8
rnbinom negative binomial random numbers,

76, 163, 187
random numbers from the negative binomial

distribution, 208, 253
rnorm, 23

with along, 30
confidence interval, 55
curves plotted, 218
exact mean for random numbers, 219
random numbers from the normal

distribution, 208
simulated time series, 722
variance of the random numbers, 53

roaches
dataframe, 804

robreg
dataframe, 430

robust fitting
introduction, 430
rlm, 432

robust regression, 345
root

tree models, 685
root pruning

competition, 370

roots
eigenvalue and eigenvector, 264
fractional powers, 196
geometric mean, 49

rot rotation of axis labels in panel barplot, 838
rotating long axis labels

srt=45, 869
round decimal places for text on a plot, 142

rounding to a specified number of digits, 11
rounding errors

multiple regression, 448
rounding numbers

trunc, 11
row means of a matrix, 36

rowMeans, 18
row names

in a dataframe, 123
row subscripts

the first of two subscripts, 20
row sums of a matrix

rowSums, 18
rowMeans, 36

adding rows and columns to a dataframe,
131

row means of a matrix, 17
row.names using write.table, 76

with read.table, 100
rownames, 37

for a matrix, 35
rowpos

groups=rowpos, 842
rows

[ , 4] for all rows of column 4, 21
cases in a dataframe, 107
drop rows from a dataframe, 118
proportions, 191

rows from a dataframe, 112
rowsum groups of row sums, 36
rowSums, 36

row sums of a matrix, 17
rpois, 62

histogram of frequencies, 162
random numbers from a Poisson distribution,

35, 208
run length encoding, 74
table of counts, 124

rsignrank random numbers from the
Wilcoxon’s signed rank statistic, 208

rt homemade function for reading dataframes, 99
random numbers from the Student’s t

distribution, 208
rug location of data on the x axis, 596
rule of thumb

F = 4, 225
n = 8 x variance / squared difference, 622, 667
p< n/3 parameters in a multiple regression, 445
t = 2, 228
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run.and.value function using run length
encoding, 75

Runge-Kutta
solving ordinary differential equations, 275

runif, 26
demonstrating the central limit

theorem, 213
function to generate uniform random

numbers, 11
random numbers from the uniform

distribution, 208
random spatial maps, 750
simulation experiment on age at

failure, 787
testing the random number generator, 241

running R, 1
runs

run length encoding, 74
runs test

function using run length encoding, 75
rweibull random numbers from the Weibull

distribution, 208
rwilcox random numbers from the Wilcoxon

rank sum distribution, 208

S and the development of R, vii
s(x) humped data, 666

non-parametric smoothers in gam, 435
smoothing function in gam, 611

s2 see variance
summary.aov table, 365

sample with apply in matrices, 69
generating a random walk in two dimensions,

814
introduction to shuffling and sampling, 32
random rows from a dataframe, 113
random settlement, 817
randomize by rows or columns, 37
with replacement, 215
runs test on binary data, 76
selecting which interaction terms to include,

446
shuffling residuals, 524

sample size
for a binomial test, 550
Gamma errors, 790
parameter proliferation, 443
power analysis, 317
and standard error, 55

sample sizes for estimating presence absence
status, 245

sample variances
confidence interval, 223

sample(replace=T) bootstrap for nonlinear
regression, 682

bootstrapped confidence interval, 320
bootstrapped Michelson’s light data, 285

sampling rows from a dataframe, 113
sampling with replacement, 32
sampling without replacement

hypergeometric distribution, 248
sans fonts for text, 831
sapdecay

dataframe, 70
sapply with %in%, 84

with array subscripts, 43
augPred, 672
for binary representation, 61
calculating factorials, 59
correlations at lags, 703
distance, 755
introduction, 70
means across variables, 450
negative binomial distribution, 252
with as.numeric, 127
to scan different lines of input,

104
to select columns from a dataframe,

117
with strsplit, 105

sasilwood
dataframe, 425

saturated model
contingency tables, 553
induced defences, 554
introduction, 325
university admissions, 567

saturation
of colours, 855

saving code
Ctrl S, 5

saving data from Excel using tab-delimited text
files, 98

saving data from R to disc, 76
scale columns of a table sum to zero,

191
scale dependence

pattern measure with Ripley’s K, 754
quadrat counts, 750

scale dependent correlations, 314
scale of measurement

additivity, 327
constancy of variance, 327
normal errors, 327

scale parameter
overdispersion, 573
standardized residuals, 521

scale=TRUE
prcomp, 732

scales
different y axes, 867
limits of the current axes from par(“usr”),

847
scales panel barplots, 838
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scan compared to read.table, 103
different numbers of numbers per input line,

104
input from keyboard, 16
introduction, 97
for reading non-standard file types, 102
with sapply, 104

scatter
r squared, 394

scatter1
dataframe, 136

scatter2
dataframe, 136

scatterplot
correlated random numbers, 239
data.ellipse, 425
identifying individual points, 141
introduction, 135
with overlapping points, 180

scatterplot, conditional
xyplot, 836

scatterplot with overlaid line
plot then lines, 71

Scheme
and the development of R, vii

Schoener’s lizards
complex contingency tables, 560
conversion to proportion data, 584
re-analysis with binomial errors, 586

scientific importance versus statistical
significance, 410

scope
introduction, 64

scree plot
prcomp, 733

screen changing default settings, 6
3-dimensional plots, 845

screen prompt, 9
screen(2) screen number two is active, 864
screens

multiple screens on a single device, 862
scripts

for writing code within R, 5
sd exact standard deviation for random

numbers, 219
se.lines function, 413
search text function, 4
search( ) to see the libraries and dataframes

attached, 7
searching for specified characters, 81
seasonal data

decompositions of time series, 715
time series analysis, 709

sec seconds, 89
second as decimal number (00-61) allowing for

two “leap seconds”
%S, 92

seconds
sec, 89

seed production
competing species, 820

seedlings
dataframe, 797

seedwts
dataframe, 130

segregation
Mendel’s peas, 552

selected values from an array using seq, 23
selecting rows from a dataframe

logical subscripts, 116
selecting values from a line of input

with lapply, 104
self-starting nonlinear functions, 674
sem confirmatory factor analysis, 737
semi-variogram

introduction, 774
semicolon field separators in the input file

read.csv2, 100
sep=, 45

separator in a pasted object, 35
sep=““, 35, 45

separator in input files, 99
sep=“\n“, 104

to count the number of lines of input in a
file, 104

separation
kmeans, 740

seq for drawing smooth functions, 71
introduction, 29
to remove missing values, 14
selected values from a vector, 23
smooth density functions overlain, 216

sequence produces a vector of
sequences, 30

sequence generation
introduction, 29

serial correlation, 279
longitudinal data, 475

serial correlation in residuals
durbin.watson, 424

serial dependence
time series analysis, 701

serif fonts for text, 831
set theory

union, intersect and setdiff, 78
setdiff function from set theory, 78
setequal testing if two sets are equal, 78
setwd set the working directory, 101
sewage

effects on invertebrates, 298
sex ratio

chi-squared contingency tables, 549
proportion data, 569
sample size for a binomial test, 550
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sexratio
dataframe, 574

shade 3-dimensional plots, 845
shade.colors 3-dimensional plots, 845
shading

angle, 829
border, 829
col, 829
density, 828
lty, 829
specify density and angles for shading,

146
shape

gamma distribution, 229
Weibull distribution, 237

shape of the plot region
changing shape with plt, 858

shapiro.test test of normality, 282
Shapiro-Wilk normality tests

shapiro.test, 282
shingle

equal.count, 839
shingles

in conditioning plots, 171
short factor levels

shortened dataframes, 186
shortened dataframes

as.data.frame.table, 187
show.signif.stars control of options, 7
shrinkage

best linear unbiased predictors, 631
lmList compared with lme, 653
nlsList compared with nlme, 671

shuffling
selecting which interaction terms to include,

446
shuffling residuals

bootstrap, 681
bootstrapped regression, 420
bootstrapping, 524

sigma
summation operator, 48

sigmoid functions, 203
sign.test introduction, 300

function, 300
signed rank test with continuity correction, 284
signif scientific notation with signif, 11
significance

close to significance, 328
parametric term or non-parametric smoother,

625
significance of non-linearity

replication in regression designs, 415
significance stars

control of, 6
signrank Wilcoxon’s signed rank statistic,

208

sill
variogram parameters, 775

Silwood students, viii
SilwoodWeather

dataframe, 154, 710
panel histograms, 840

simple tests
introduction, 279

simplest explanation
principle of parsimony, 325

simplicity
Occam’s razor, 325

simplifying models
overview, 327

simulated time series
introduction, 722

simulation experiment
on age at failure, 787

simulation models
introduction, 811

sin, 10
drawing circles, 180
SilwoodWeather, 710

sin(x) polynomial approximation, 403
sine

graph of, 197
single samples

introduction, 279
singularity

piecewise regression, 428
size clumping parameter (k) of the negative

binomial, 76
skew function, 285
skew

gamma distribution, 229
introduction, 285
lognormal distribution, 234
negative binomial distribution, 253
t test for non-normality, 287
Weibull distribution, 237

skew data
hist, 220

skewdata
dataframe, 286, 319

skewness see skew
skip lines in the input file using scan, 102
sleep

dataframe, 141
pause execution with Sys.sleep, 856

slide show
pause between graphics using Sys.sleep, 102
Sys.sleep, 856

slim barplot
type=“h”, 68

slopes
analysis of covariance, 489
extracting from a model summary, 362
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in regression, 387
least-squares derivation, 393
maximum likelihood, 390
normal equations, 272
as random effects, 652
SSXY/SSX, 392
uncertainly of estimated values, 413

smooth curves
introduction, 149
over a histogram, 162

smoothing
technical background, 618

soaysheep
dataframe, 612

sol.sub colour for subtitle of graph, 856
solve solving systems of linear equations,

274
solving ordinary differential equations

odesolve, 276
solving systems of linear equations, 274
sort, 22

in calculating medians, 48
introduction, 31
sort the elements of a vector, 17
in trimming a mean, 24

sort the elements of a vector
sort, 17

sorting dataframes
introduction, 113
some increasing variables and some

decreasing variables, 121
sorting on dates, 126
spacing of individuals, 749
spatial

contents of the library, 4
libraries in the base package, 4
library, 757

spatial autocorrelation
mixed effects models, 627
multiple regression, 448
random effects, 473
variogram, 774

spatial correlation
advantages of paired samples, 299

spatial covariance
corExp, 781
corGauss, 781
corRatio, 781
corSpher, 781
corSymm, 781
in gls models, 781

spatial dynamics
simulation models, 814, 816

spatial models
introduction, 816

spatial pair correlation
from ppp object, 766

spatial pattern
first order estimates, 754
second order estimates: Ripley’s K,

754
spatial pseudoreplication

introduction, 629
spatial scale

variance components analysis, 638
spatial statistics

data objects, 763
distance measures, 750
introduction, 749

spatialdata
dataframe, 778

spatially correlated errors
gls, 778

spatially-explicit models, 816
competitive exclusion, 818

spatstat
installing the library, 5
library, 763

spatstat function crossdist, 767
density.ppp, 767
distmap, 767
exactdt, 767
nndist, 767
nnwhich, 767
pairdist, 767

spdep
installing the library, 5
library, 768

spearman in cor.test, 315
special characters

pattern matching in vectors, 85
species

dataframe, 534
species-area, 425
Spectral palette in RColorBrewer, 856
spectral analysis

time series analysis, 717
spectrum spectral analysis, 717
spending

dataframe, 869
spines

generalized additive models, 612
split divides data in a vector into the

groups defined by the levels of a
factor, 581

separate spatial plots, 764
split criterion

tree models, 697
split.screen multiple screens on a single device,

862
splitcounts

dataframe, 547
split-plot design

y~factor+Error(a/b), 330
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split-plot experiments
introduction, 469
missing values, 472
mixed effects models, 632
multiple error terms, 469

split-plots and hierarchical designs compared,
478

splits
tree models, 685

splityield
dataframe, 173, 470, 632

splom as lattice plots, 175
spores

negative binomial distribution, 254
spreadsheet

as a dataframe, 107
the fix function, 6

spurious significance
pseudoreplication, 630

sqrt square root function, 11
square plotting region

pty=“s”, 868
square root

sqrt, 11
square root for constancy of variance

Poisson errors, 327
srt character rotation, 869
SSA

treatment sum of squares in analysis of
variance, 451

SSasymp asymptotic regression model, 674
introduction, 675

SSasympOff asymptotic regression model with
an offset, 674

SSasympOrig asymptotic regression model
through the origin, 674

SSbiexp biexponential model, 674
SSE

alternative model using sum of absolute
values, 72

in analysis of covariance, 494
error sum of squares in analysis of variance,

451
in matrix notation, 273
minimized, 393
in regression, 394
unexplained variation, 396

SSfol example, 680
first-order compartment model, 674

SSfpl example, 678
four-parameter logistic, 674

SSgompertz Gompertz growth model, 674
S-shaped functions

introduction, 203
negative slopes, 204

sslogistic
dataframe, 676

SSlogistic self-starting logistic, 678
SSmicmen introduction, 674

Michaelis Menten, 674
SSR

in analysis of covariance, 494
explained variation, 396
in matrix notation, 273

SSweibull example, 679
Weibull growth model, 674

SSX
in analysis of covariance, 494
corrected sums of squares, 391
leverage, 354
in matrix notation, 272
in regression standard errors, 398

SSXY
in analysis of covariance, 494
corrected sums of products, 391

SSY
in analysis of covariance, 494
in matrix notation, 273
total sum of squares, 391
total sum of squares in analysis of variance,

451
total variation, 396

stability
simulated time series, 723

stack stacked bars in panel barplot, 838
standard deviation

exact with random numbers, 219
plot.design, 176
quantiles of the standard normal

distribution, 211
standard deviations of columns using scale, 191
standard error

contrasts, 373
kurtosis, 288
skew, 285

standard error of a difference between two
means, 294

contrasts, 367
standard error of a mean

introduction, 54
one-way anova, 462

standard error of a predicted value, 400
standard error of a slope, 398
standard error of an intercept, 398
standard error of the difference between two

means, 460
standard errors

in analysis of covariance, 496
different kinds of bars contrasted, 463
extracting from a model summary, 361
Helmert contrasts, 379
non-linear functions, 150
summary.lm table, 365
tables using tapply, 184
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standard errors of effects
for one-way anova, 460
model.tables, 459

standard normal distribution, 55
introduction, 211

standardized residuals
introduction, 520

stars
control of significance stars, 6

start beginning of a time series, 714
start=list starting values in non-linear

regression, 663
starting values in non-linear regression

start=list, 663
stationarity

time series analysis, 701
time series models, 726
white noise, 722

statistical modelling
aov, 349
gam, 349
glm, 349
introduction, 323
lm, 349
lme, 349
loess, 349
nlme, 349
nls, 349
parsimony, 279
tree, 349

statistical models in matrix notation, 270
statistical significance versus scientific

importance, 410
status censoring indicator, 797
step in analysis of covariance, 499

automated model simplification, 353
binary response variable, 600
complex analysis of covariance, 501
coxph, 808
limited value when there are few data points,

448
lower and upper bounds on model terms

included, 561
multiple regression, 441
Schoener’s lizards re-analysed, 586
simplifying contingency tables, 561
survival data, 806

step function not smooth line
type=“s”, 68

step functions
exponential function, 210
factorial function, 206
waiting time to success in Bernoulli trial,

253
stepAIC quine, 544
stepwise deletion

model simplification, 374

stepwise simplification
multiple regression, 434

stl decompositions of time series, 715
stop testing types, 88
stormer

MASS dataframe, 682
str structure of an object, 768
strata Cox’s proportional hazards model, 800
streams

dataframe, 298
string positions of every matching pattern

gregexpr, 83
string rotation

srt, 869
strip panel labels, 841
strip.custom panel labels, 841
stripchart function to draw strip charts, 169
stripping out a date or time

strptime, 92
stripping patterned text out of complex strings,

86
stripplot as lattice plots, 175
strptime, 93

introduction, 92
to order dates or times, 126

strsplit function for splitting strings, 45
with readLines, 105

structural non-linearity
model mis-specification, 357

structure in data
multivariate statistics, 731

Student’s t
extracting from a model summary, 363

Student’s t distribution
compared with the normal, 228
introduction, 226

Student’s t test
critical value, 294
degrees of freedom, 294
introduction, 294
paired samples, 298
worked example, 295

sub substituting text in character strings (first
occurrence only), 82

subscripted data frames, 103
subscripts

for avoiding using loops, 61
in axis labels using expression, 831
for colouring part of an object, 148
data selection, 316
on dataframes, 111
double square brackets [[ ]], 73
edges in a simulation model, 819
to extract the minimum from a vector, 71
introduction, 20
using logical conditions, 21
nearest neighbours, 751
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subscripts (Continued)
negative [-1] to drop elements from a vector,

24
using the order function, 31
for pch, 534
pgfull, 732
produced by match, 47
to remove missing values, 14
series of, 22
subset, 350
in three-dimensional arrays, 42
zero length vector, 15

subscripts on vectors
average proportions, 556
time lags, 812

subset binary response variable, 607
compared to robust regression, 430
for influence testing, 348
influence testing, 402
to leave out selected data points, 356
to select columns from a dataframe, 127
use only some of the data, 350

substitute numbers and symbols in text,
832

substitute with deparse axis labels in
functions, 56, 179

substituting text in character strings, 82
substr function for substrings, 45
substring

introduction, 45
stripping out text, 87

subtrees
subscripts, 693

success
binomial response, 570

sulphur.dioxide
dataframe, 443
interpretation, 448

sum, 48
sum of the values in a vector, 17
using logical conditions, 21
variance of a, 238

sum contrasts
analysis of covariance, 507
introduction, 380

sum of squares
likelihood function, 217
regression, 390

sum of the table entries for a given index
margin.table, 564

sum of the values in a vector
sum, 17

summary of the contents of a dataframe, 110
with data=, 19
data summary, 281
Michelson’s light data, 283
ppp object, 764

summarizing the contents of a dataframe, 132
using sweep, 38

summary tables
using tapply, 183

summary(model) statistical modelling, 349
summary.aov in analysis of covariance, 497

compared with summary.lm table, 364
extracting the components, 364
in factorial anova, 480
linear regression, 397
order matters, 507

summary.gam model simplification, 620
summary.lm in analysis of covariance, 497

compared with summary.aov in regression,
399

competition, 371
in factorial anova, 480
linear regression, 399
means rather than differences between means

in, 333
for one-way anova, 459
for piecewise regression, 428

summary.lm and summary.aov compared for
analysis of variance, 479

summary.lm table compared with
summary.aov table, 364

extracting the components, 364
sums of products

by matrix algebra, 268
sums of squares

in hierarchical designs, 477
introduction, 52
by matrix algebra, 267

sunflowerplot introduction, 180
sunspots

dataframe, 167
superscripts

in axis labels using expression, 831
surf.ls function in spatial library, 776
Surv(death,status) cancer, 802

the response in survival analysis, 797
survfit cancer, 802

function in survival analysis, 797
proportion data, 804

survival
libraries in the base package, 4
library, 797

survival analysis
age at death data, 324
introduction, 787

survival function
Weibull distribution, 237

survival of patches
metapopulation dynamics, 817

survivor function
exponential distribution, 792
introduction, 791
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survivors
matrix, 820

survivorship
censoring, 801
Leslie matrix, 265

survivorship curves
introduction, 790

survreg cancer, 802
compared with coxph, 804
function in survival analysis, 797

swap
in computer programming, 61

sweep function for summaries of matrices or
dataframes, 38

subtracting the grand mean, 132
sweepdata

dataframe, 38
switch for alternative paths within a function,

63
switching to R, vii
symbol fonts for text, 831
symbols

all the plotting symbols displayed, 139
symbols expression in text, 833
Sys.sleep in palette slideshow, 856

pause for a specified number of seconds,
102

Sys.time introduction, 89
system.time for timing R execution, 63

t Student’s t distribution, 208
t the function to transpose a matrix, 34

transpose a matrix, 268, 347
using sweep, 39

t test
least significant difference, 464
power.t.test, 318
of skew, 286

t.test ipomopsis, 492
market garden ozone, 296
wing lengths, 316

t.test.data
dataframe, 295

t.test(paired=T) effects on invertebrates, 299
tab character

\t, 101
tab delimited text files

suffix *.txt, 98
table applied to a dataframe, 189

checking for attributes using is.table, 41
counting parts of strings, 46
counts from a Poisson distribution, 251
expand into a dataframe, 124
frequency distribution data, 536
function for counting, 17
generate two-dimensional tables of

counts, 187

murder by regions, 100
with negative binomial data, 76
quadrat based counts, 759, 760
using the cut function, 241

table to dataframe
as.data.frame.table, 559

tabledata
dataframe, 188

tables
chisq.test, 307
chi-squared contingency tables, 549
for data summary, 183
2-dimensional using tapply, 184
of means using tapply, 18
producing flat tables with ftable, 185
of proportions, 190

tables of counts, 187
tables of ordered factor levels, 185
tables of proportions

prop.table, 191
tables to dataframes

introduction, 188
tags

exact matching, 64
tails

Cauchy distribution, 233
fatter tails of the t distribution, 228

tan function for tangent in radians, 11
tangent

graph of, 197
tannin

dataframe, 267
regression, 388

tapply in barplot, 57
for barplot, 463
with difftime objects, 94
function for calculating means, 18
groups of row sums, 36
introduction, 183
with list to specify the margins over

which means are to be
computed, 18

with missing values, 186
multidimensional tables using list, 184
summing the ranks, 297
using with, 19

taxon
dataframe, 740

taxonomic keys
tree models, 693

taxonomy
dataframe, 695
kmeans, 740

Taylor’s Power Law
log variance and log mean, 198
quasi-likelihood, 517

tck tick mark locations and labels, 870
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tcl tick mark locations and labels, 870
te tensor product smooths, 612
temp

dataframe, 709
temporal autocorrelation

mixed effects models, 627, 645
multiple regression, 448
random effects, 473

temporal correlation
residual plots, 340

temporal dynamics
simulation models, 814

temporal pseudoreplication
introduction, 629
mixed effects models, 641
nonlinear time series models, 671
trends in time series, 716

tensor product smooths
te, 611

terrain.colors palettes, 855
test=“F”

quasibinomial, 579
testing

and coercion, 87
testing whether an object is a character string

is.character, 87
testing whether an object is a complex number

is.complex, 87
testing whether an object is a dataframe

is.data.frame, 87
testing whether an object is a double precision

number
is.double, 87

testing whether an object is a factor
is.factor, 87

testing whether an object is a list
is.list, 87

testing whether an object is a logical variable
is.logical, 87

testing whether an object is a matrix
is.matrix, 87

testing whether an object is a raw number
is.raw, 87

testing whether an object is a time series
is.ts, 87

testing whether an object is a vector
is.vector, 87

testing whether an object is an array
is.array, 87

testing whether an object is numeric
is.numeric, 87

tests
choosing the right test,

323
classical tests, 279

tests for normality
plots, 281

text adding text to a plot, 142
changing the font, 831
formula, 833
introduction, 143
labels in the plot region, 153
in a map, 819
pos to locate text in relation to coordinates,

771
substitute, 832
tree models, 686

text allowed outside the plotting region
xpd=T, 870

text editor
in R, 5

text in the margins of a plot
mtext, 867

text justification
adj, 851

text on plots
expression(sunstitute), 831

theta azimuthal direction, 845
thin plate splines

generalized additive models, 612
technical background, 618

third moment
skew, 285

third variable
to label a scatterplot, 141

three-dimensional plots
introduction, 842

three-factor
contingency tables, 558

three-parameter logistic, 203
thresholds

exploratory plots using gam,
603

detection using tree models, 613
tree models, 686, 690

throwing a die
random number generation, 240

tick mark numbers
las, 864

tick mark locations and labels
axis, 852

tick mark locations and labels, 870
tidying up

rm, 8
ties

effect on rank tests, 298
with the rank function, 31

tilde
∼ in model formulae, 329

timber
dataframe, 336, 518

timber shape
bootstrapping, 526
offsets, 519
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time
extracting from Sys.time, 89

time lags
subscripts on vectors, 812

time, locale-specific
%X, 92

time series
mixed effects models, 645
type, 87, 168

time series analysis
built-in functions, 714
decompositions, 715
introduction, 701
spectral analysis, 717
trigonometric model for cycles, 710

time series models
arima, 726
background, 726
stationarity, 726

time series plots, 167
time-to-failure data

introduction, 787
time zone as a character string (output only)

%Z, 92
times

calculation with, 90
introduction, 89

times option in rep, 28
time-series generation

subscripts on vectors, 812
times in dataframes, 94
timing R execution

using proc.time, 62
tmd as lattice plots, 175

Tukey mean-difference plot, 175
tolower convert to lower case, 47
top axis

axis 3, 834
total sum of squares in analysis of variance

SSY, 451
touching graphs

mar=1, 859
toupper convert to upper case, 46
training set

model simplification with tree models, 691
transform the y axis

log=“y”, 169
transformation

to create linear models, 335
linear regression, 409
log(y)~sqrt(x), 330
logits to proportions, 579
logs of both axes, 198
model formulae, 331
reciprocal, 203
summary, 205
timber data, 336

transformation of the response variable
multiple regression, 440

transient dynamics
simulation models, 811

transpose
in statistical modelling, 268

transpose a matrix
the t function, 34

transpose an array by permuting its dimensions
aperm, 565

treatment contrasts
analysis of covariance, 506
analysis of variance, 366
introduction, 377
significance testing, 371
two-way anova, 468

treatment sum of squares in analysis of variance
SSA, 451

treatment totals
one-way anova, 452

tree installing the library, 5
library, 444, 613
library function, 435
pollution example, 444
summary of the statistical model, 349
tree models for writing taxonomic keys,

694
tree model

compared with clustering, 744
detecting thresholds, 613
first steps in multiple regression, 435
interpretation, 689
interpreting the output, 444
introduction, 685
plot, 688
pollute, 685
print, 688
as a regression, 689
subtrees, 693
sulphur.dioxide, 444
taxonomic keys, 693
testing for existence of humped relationships,

698
text, 688

trees
dataframe, 760
induced defences, 554

trellis graphics
introduction, 173

trellis plots
background, 836
groupedData, 642

trellis.device, 836
trellis.par.set white background, 176
trend

decompositions of time series, 715
test with a linear model, 706
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trend (Continued)
tests in time series, 715
time series analysis, 701

trigonometric functions, 10
introduction, 197

trim trimmed mean, 185
trim.mean function, 24
triple dot …

introduction, 65
TRUE

coercion to numeric 1, 21
combinations of T and F, 26

truehist MASS, 165
trunc round to the nearest integer, 11
try run an expression that might fail and allow

the user’s code to handle error-recovery,
102

ts create a time series object, 701
time series object, 714

ts.plot plots of time series, 167, 702
t-test

introduction, 294
TukeyHSD Tukey’s Honest Significant

Differences, 160, 483
Tukey’s Honest Significant Difference

multiple comparisons, 160, 483
Tukey mean-difference plot

tmd, 175
two graphs in one row

par(mfrow=c(1,2)), 68, 157, 165
two graphs with same x axis, 859
two proportions compared

prop.test, 301
two sample tests

introduction, 289
two-by-two-by-two

contingency tables, 558
two-by-two contingency tables

matrix form, 551
two-class table

chi-squared contingency tables, 549
two-dimensional tables

using tapply, 184
two-sample Kolmogorov-Smirnov test

ks.test, 317
twosample

dataframe, 310
twoseries

dataframe, 718
two-tailed test

one-way anova, 461
two-thirds power for normality of errors

Poisson errors, 327
two-way anova

introduction, 467
type

testing and coercion, 87

Type I error, 221
contingency tables, 305
multiple comparisons, 482
power analysis, 317

Type I survivorship curves, 791
Type II error

contingency tables, 305
type=“b” points and lines, 68, 95
type=“h” slim barplot, 68
type=“l” bell-shaped curves, 210

drawing mathematical functions, 144
lines not points, 67
polynomial approximations to elementary

functions, 404
polynomial functions, 200
using sapply, 71
SilwoodWeather, 710
S-shaped functions, 204
summary of key points, 181
with trig functions, 197

type=“n” axes only, no points or lines, 68
blank axes for a map, 815
non-linear functions, 149
no points to be plotted, 819
plot the axes only, 137

type=“p” points not lines, 68
type=“response” back-transform the

predictions from glm, 535
back-transformation from logits, 580
glm with binomial errors, 576
survival data, 804

type=“s” binomial coefficients, 207
factorial function, 206
step function not smooth line, 68
waiting time to success in Bernoulli trial,

253
types of lines on plots using lty, 167
types of statistical models

introduction, 325

UBRE unbiased risk estimator, 617
UCBAdmissions

dataframe, 565
UKLungDeaths

dataframe, 167
unbiased risk estimator, 617
unbiased, variance-minimizing estimators

maximum likelihood, 324
unbound symbols, 64
unclass date, 90

function for table data, 77
returns a copy of its argument with its class

attribute removed, 90
Sys.time, 89

underscore symbol, 30
unequal probabilities

contingency tables, 551
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unif uniform distribution, 208
uniform distribution

central limit theorem, 213
introduction, 240

uniform errors
demonstration plot, 342

uninformative factor levels, 479
random effects, 473, 627

uninstalling R, 1
union function from set theory, 78
unique levels in a factor, 127

to remove pseudoreplication, 121
uniqueness

factor analysis, 735
unit matrix

I, 264
university admissions

log-linear models, 567
unlist date, 90

lapply object, 83
with lapply, 104
with locator, 147
to prevent separate means for each column,

132
simplifies a list to produce a vector

containing all its atomic components, 90
unreliability estimates

linear regression, 397
up arrow

for editing, 9
update adding a term to a model, 447

complex contingency tables, 559
in model simplification, 327
introduction, 333
log-linear models, 554
multiple regression, 438
proportion data, 578

update the model
update(model), 350

upper constraint on step, 561
upper case

convert to upper case using
toupper, 46

using gsub, 82
upstream

effects on invertebrates, 298
urns and balls

hypergeometric distribution, 247
u-shaped functions beta distribution, 232

biexponential, 205
u-shaped residuals, 425
usr current coordinates for the plotting surface,

835
limits of the current axes from par(“usr”),

847
rotating long axis labels, 870

value
of colours, 855

var built-in function for variance, 52
market garden ozone, 290
variance of the values in a

vector, 17
var(x,y) covariance, 311
var.test Fisher’s F test, 53

market garden ozone, 290, 293
wing lengths, 317

variability
graphs to show, 50

variable names
case sensitivity, 30
in different dataframes, 352
failure of read.table, 99
good practice, 101

variable numbers of arguments, 65
variables

columns in a dataframe, 107
objects() to list the current variables, 7

variables and parameters
in regression, 387

variables with the same name
problems with attach, 18

variance
binomial npq, 243
comparing two variances, 289
confidence interval for sample estimates,

223
and covariance, 239
definition from expectations, 242
of a difference, 239, 294
exact with random numbers, 219
function, 52
gamma distribution, 229
geometric distribution, 246
introduction, 51
likelihood function, 218
lognormal distribution, 234
as a measure of unreliability, 54
plot.design, 176
Poisson distribution, 250
square of the mean, 789
of a sum, 238
summary.aov table, 365
Weibull distribution, 237

variance components analysis
analysed with lmer, 650
hierarchical sampling, 638
introduction, 475
model simplification, 640

variance covariance matrix
diagonal, 261
vcov(model), 360

variance function
standardized residuals, 521
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variance mean ratio
is 1 for the Poisson distribution, 250
aggregation, 538
binomial, 243
Gamma errors, 789
negative binomial distribution,

252, 255
quadrat based counts, 761

variance mean relationship
plot for the binomial distribution, 571
quasi-likelihood, 516
Taylor’s Power Law, 198

variance of a difference
correlation, 312
paired samples, 298

variance of the values in a vector
var, 17

variance ratio test
function, 53

variance-stabilizing transformations, 205
variances

in principal components analysis, 732
Variogram function in the nlme library,

776
in gls models, 781
ragwort data, 777

variogram
introduction, 774

variogram function in the spatial library,
776

ragwort data, 776
VCA

variance components analysis, 475
vcov(model) variance covariance matrix,

360
vector

by concatenation, 15
creating a vector, 15
from a list using unlist, 90
length, 16
type, 87

vector functions, 17
for avoiding using loops, 61

vector of sequences
sequence, 30

vectors
generation with repeated values, 28
trimming using negative subscripts, 24

vertical lines drawn
abline(“v”=), 819

vertical tab
\v, 101

vertical=T option in stripchart, 169
viewing angle for perspective plots, 845
vis.gam 3-D plots using gam, 625
viscosity data

nls, 682

volcano 3-dimensional plots, 845
volume

timber data, 336
von Neuman, J.

random number generation, 240
voting

proportion data, 569

waiting time to first success in Bernoulli trial,
246

waiting time to success in Bernoulli
trial

negative binomial distribution, 253
warming

trends in time series, 716
wday day of the week, 89
weakest link analysis

Weibull distribution, 236
weather data

patterns, 713
week of the year (00-53) using the first Monday

as day 1 of week 1
%W, 92

week of the year (00-53) using the first Sunday
as day 1 of week 1

%U, 92
weekday as decimal number (0-6, Sunday

is 0)
%w, 92

weekday name, abbreviated
%a, 92

weekday name in full
%A, 92

Weibull
age-specific hazard models, 794
equation, 662
error distribution in survival models,

796
weibull Weibull distribution, 208
Weibull distribution

introduction, 236
Weibull errors

cancer, 802
survreg, 804

Weibull growth model
self-starting nonlinear functions, 674

weibull.growth
dataframe, 679

weight list objects
spdep function, 772

weighted sampling
with sample, 33

weights give different weights to different data,
350

introduction, 351
to leave out selected data points, 356
model selection, 339
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Welch two sample t-test
effects on invertebrates, 299
market garden ozone, 296

what to define the variables read from a file by
scan, 103

which data identification, 291
drop rows from a dataframe, 118
finding age at death, 788
finding outliers, 166
identifying individuals, 753
influence testing function, 348
introduction, 23
letters, 44
nearest neighbours, 751
to remove missing values, 14
run length encoding, 75
versus %in%, 84

while for calculating Fibonacci series, 61
function for loops, 59
for translating numbers into binary, 60

white background in trellis plots
trellis.par.set(col.whitebg()), 176

white noise
simulated time series, 722
time series analysis, 701

why switch to R, vii
widths of lines see lwd
wilcox Wilcoxon rank sum distribution,

208
wilcox.test market garden ozone, 297

Michelson’s light data, 283
Wilcoxon rank-sum statistic, 258

market garden ozone, 297
Wilcoxon signed rank test with continuity

correction
Michelson’s light data, 284

wings
dataframe, 316

wireframe complex 3-D plots, 845
as lattice plots, 175

with as an alternative to attach, 18
defining the function for odesolve, 276
instead of attach, 101
OrchardSprays, 169
in plotting and modelling, 19

within group errors
mixed effects models, 628

word count
using table with strsplit, 46

worked examples
the example function, 3

working directory
check using getwd, 101
using setwd, 101

worldfloras
dataframe, 79

worms

dataframe, 109
wrap-around margins

host-parasite interaction, 823
simulating a two-dimensional random walk,

815
spatially-explicit models, 818

write to save a vector of numbers to file from
R, 76

write.table to save a table of numbers to file
from R, 76

writing functions
introduction, 47

wrong analysis
aphids and caterpillars, 555
bacteria, 607
rats, 476
split-plot experiment, 469

x axis
axis 1, 834
two graphs with same x axis, 859

x coordinates in barplot, 386, 870
xaxs intervals for tick marks, 871
xaxt no axis when xaxt=“n”, 872
xaxt=“n” no x axis to be drawn, 819

suppress tic marks and labels on the x axis,
146

xlab in boxplot, 159
deparse(substitute), 698
specify a label for the x axis,

136
xlab=““ no axis labels for a map, 815

no label on the x axis, 819
xlim limits of the current axes from

par(“usr”), 847
summary of key points, 181
user-specified scale for the x axis, 138

xor exclusive or, 27
xpd=T allow text outside the plotting region,

870
xy.error.bars function, 57
xyplot conditional scatterplot, 836

lines and no points, 842
panel plot, 174
scale dependent correlations, 315

y axis
axis 2, 834
same x axis different y axes, 859

y~1 competition, 376
null model, 330, 333

y~a/b/c nested analysis, 330
y~age*sex analysis of covariance, 330
y~factor anova, 330
y~factor+Error(a/b) split plot

design, 330
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y~factor-1 anova with no
intercept, 330

y~N*P*K factorial anova, 330
y~x regression, 330
y~x+w+z multiple regression, 330
Yates’ continuity correction

chi-squared contingency tables, 305
yaxs intervals for tick marks, 872
yaxt no axis when yaxt=“n”, 872
yaxt=“n” no y axis to be drawn, 819

suppress tic marks and labels on the y axis,
146

yday day of the year, 89
year

year, 89
year with century

%Y, 92
yields

dataframe, 449
ylab in boxplot, 159

label for the y axis, 55
specify a label for the y axis, 136

ylab=““ no axis labels for a map, 815

no label on the y axis, 819
ylim control of y axis scaling, 55

on a histogram, 213
limits of the current axes from par(“usr”),

847
summary of key points, 181
user-specified scale for the y axis, 138

Yule-Walker equation
partial autocorrelation, 704

z quantiles of the standard normal distribution,
211

zero
a common value of the response, 527

zero divide
infinity in R, 13

zero length vector, 15
zero powers, 195
zero sum

using scale so columns sum to zero, 191
zero term

negative binomial distribution, 251
Poisson distribution, 250






