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E[Y ], 110, 163, 181
F distribution, 295, 726
F test, 295, 537, 609, 612
Fs, 295, 537
G2, 659
H0, 245
H1, 246
P value, 250
R2, 546, 590
Ts, 259, 543, 590
V ar[Y ], 113, 163, 182
Zs, 246, 591
α, 247
Ȳ , 49
Ȳ distribution, 225
β, 253
χ2 distribution, 228, 723
r, 589
s2, 51
t distribution, 226, 720
Iris, 713
Anagrus columbi, 114
Anagrus delicatus, 629, 703
Batrachochytrium dendrobatidis, 86
Dendroctonus frontalis, 529
Ips grandicollis, 641
Iris, 581
Lynx rufus, 517
Ostrinia nubilalis, 123
Prokelisia crocea, 114
Prokelisia marginata, 629
Spartina, 629
Temnochila virescens, 76
Thanasimus dubius, 49, 641, 655, 694, 698

acceptance region, 247
alternative hypothesis, 246

analysis of covariance, 609, 641
analysis of variance, 281
ANCOVA, 609, 641

F tests, 643
H0, 643
adjusted means, 644
equal slopes assumption, 643
interaction, 643
model, 643

ANOVA, 281
R2, 547
factorial design, 387
nested, 609
nested one-way, 629
H0 (factor A fixed), 631
model (Factor A fixed), 631

one-way, 281
one-way fixed effects
F test, 297
H0, 286
model, 286

one-way random effects
F test, 297
H0, 289
model, 289

three way all fixed effects
tests for main effects with interac-

tion, 623
three-way

random effects, 628
three-way all fixed effects, 609
H0, 612
interaction, 609, 612
model, 612
no replication, 628

two-way, 387
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interaction, 387
two-way all fixed effects
F tests, 401
H0, 398
interaction, 396
main effects, 396
model, 396
tests for main effects with interac-

tion, 424
two-way without replication, 431
F tests, 435
H0, 431
model, 431

ANOVA assumptions, 469
additivity, 472
homogeneity of variances, 470
independence, 469
normality, 471
outliers, 471

ANOVA table, 297, 405, 434, 536
association, 529, 581

balanced design, 282, 389
bark beetles, 49, 281, 530
Bayes theorem, 89
Bayesian statistics, 91
bias correction, 215
binomial coefficient, 97
binomial distribution, 96, 474, 655
binomial proportion, 474
bivariate normal distribution, 584
bobcats, 517

central limit theorem, 195, 225
applications, 202

chitons, 496
chytrid fungus, 86
coefficient of determination, 590
coefficient of variation, 51
complement, 79
completely randomized design, 393, 447
conditional probability, 85
confidence intervals, 223, 347, 358, 365, 367

µ, σ2 estimated, 233
µ, σ2 known, 230
σ2, 235

sample size, 237
confidence intervals and hypothesis testing,

272
correlation, 529, 581

H0, 584
t test, 590
arctanh transformation, 590
model, 584

correlation assumptions, 600
correlation coefficient, 589
covariate, 641
cowpea weevils, 641
critical region, 247
cumulative distribution function, 146

normal distribution, 154
uniform distribution, 146

data
categorical, 16, 655
continuous, 16
discrete, 16
rank, 16

degrees of freedom, 226, 228
denominator, 295
numerator, 295

dependent variable, 529
derivatives, 37
descriptive statistics, 48
distribution-free tests, 495

elytra, 49
estimator vs. estimates, 209
events, 77
exact tests, 500
expected frequencies, 655, 656
expected value, 110, 163, 181

linear function, 183
sum, 183

exponents, 21

factorials, 97
false positive, 91
fixed effects, 285
fixed vs. random effects, 285, 629
frequency distribution, 52
frequentist statistics, 91
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function, 24
absolute value, 26
exponential, 25
gamma, 106
linear, 25
log, 25
maximum, 39
minimum, 39
normal distribution, 26
quadratic, 25

general linear models, 529
goodness-of-fit test, 655, 657, 663

H0, 658
χ2 test, 660, 664
combining frequencies, 668
degrees of freedom, 660, 664
estimated parameters, 668

degrees of freedom, 668
likelihood ratio test, 659, 664

grand mean, 291
grassland plants, 388, 610, 701

heteroscedasticity, 471
highly significant, 251
homoscedasticity, 470

independence, 84, 584
independent variable, 529
inequalities, 23
integrals, 43
intersection, 78

Kolmogorov-Smirnov test, 496, 512
D, 512
H0, 512

Kruskal-Wallis test, 496, 507
H, 507
χ2 approximation, 507

kurtosis, 62

least square means, 408
least squares, 535
leptokurtic, 62
likelihood function, 658
likelihood ratio test, 220, 273, 459, 658

ANOVA
one-way, 317
two-way, 405

correlation, 590
linear regression, 535
one-sample t test, 273

likelihood theory, 14
linear equation, 35
linear regression, 529

F test, 537
H0, 533
R2, 547
t test, 543
confidence intervals, 542
model, 533

linear regression assumptions, 558
loglinear models, 657

Mann-Whitney U test, 501
marginal distributions, 584
maximum likelihood, 128, 207

ANOVA
one-way, 315

asymptotically normal, 220
asymptotically unbiased, 220
binomial data, 658
consistency, 211, 220
correlation, 589
estimates, 207
likelihood function, 207, 534
linear regression, 533
normal data, 215
Poisson data, 209
variance vs. sample size, 220

maximum likelihood estimates, 658
mean squares, 291, 401, 431, 536
median, 50
Mendel’s peas, 663
Mendelian genetics, 663
mixed model, 447
mixture of distributions, 106
mode, 59
Model I, 285
Model II, 285
multinomial distribution, 655, 664
multiple comparisons, 343
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DSD, 365
HSD, 358
H0, 344
LSD, 348
all possible pairwise comparisons, 344
Bonferroni, 367
comparisons with a control, 344
Dunnett, 365
EER, 345
EER vs. power, 361
experimentwise error rate, 345
false discovery rate, 346, 377
FDR, 346, 377
least significant difference, 347
letters, 350
multiple range tests, 361
multiplicity problem, 345
per comparison error rate, 344
sequential Bonferroni, 368
Sidak, 368
simultaneous confidence intervals, 357
Tukey, 357

negative binomial distribution, 106, 473, 669
nematodes, 517
non-central F distribution, 327
non-central t distribution, 264
nonlinear regression, 558
nonparametric tests, 495

assumptions, 525
nonsignificant, 251
normal distribution, 151, 718

standard, 152
normal quantile plot, 164
normal quantile plot of residuals, 478
null hypothesis, 245

observed frequencies, 655, 656
one-sample t test, 259
one-sample Z test, 250
one-tailed t test, 268
one-tailed test, 248
outlier detection using residuals, 478
overdispersed, 136, 669

parametric tests, 495

Pearson correlation coefficient, 590
percentiles, 50
pheromones, 388
planthopper, 629
platykurtic, 62
Poisson assumptions, 102
Poisson distribution, 102, 473
positive predictive value, 89
power, 253, 325

factors affecting, 258, 328
power analysis, 253, 325

one-sample t test, 264
one-way ANOVA, 330

precision, 223, 237
predicted values, 475
prediction intervals, 544
predictor, 475, 476
prevalence, 89
probability distribution, 82
probability space, 84
probability theory, 77
prospective power analysis, 325
pseudoreplication, 470

quantiles, 50
quartiles, 50

random assignment of treatments, 393
random effects, 285
random sample, 48, 184, 205
random variable, 95
randomization, 470
randomization distribution, 517, 520
randomization test

H0, 516
randomization tests, 496, 516
randomized block design, 388, 447

F test, 449
H0, 449
model, 449
test for block effect, 459

randomized block in space, 447
randomized block in time, 447
range, 52
ranks, 496
rejection region, 247
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REML, 317, 449
residual analysis, 469, 474
residual vs. predicted plot, 477
residuals, 476
restricted maximum likelihood, 317, 449
retrospective power analysis, 325
roots, 36

sample covariance, 589
sample mean, 49

E[Ȳ ], 184
V ar[Ȳ ], 185
expected value, 184
theoretical variance, 185

sample size, 49
sample space, 77
sample variance, 51

E[s2], 185
expected value, 185

sampling distribution, 224
SAS

* comment, 27
;, 27
by, 165, 519
data, 27, 117, 547, 591, 613, 632
$, 53
arsin, 485
cinv, 723
datalines, 53
do, 27
finv, 726
if-then-delete, 450
if-then-else, 71
input, 53
log10, 299, 613
output, 27
pdf, 98
probchi, 460
probnorm, 154, 718
ranuni, 394
tinv, 720

ods graphics on, off, 591
ods output, 330
options, 27
proc corr, 591
plots=(scatter matrix), 591

spearman, 604
var, 591

proc freq, 72, 114, 661, 677, 684
exact chisq, 661, 678
tables / chisq, 678
tables / expected, 684
tables / out= outpct, 678
tables / testp, 661
tables, 72, 114, 661, 678
weight, 661

proc gchart, 513, 678
vbar / subgroup=, 678

proc gchartvbar / subgroup=, 684
proc genmod, 128
proc glm, 299, 408, 502, 519, 547, 548,

613, 644
class, 300, 408, 613
lsmeans / adjust=t pdiff, 379
lsmeans / adjust=tukey, 408, 613
lsmeans / slice, 424, 623
lsmeans, 408, 438, 613, 644
means / bon, 369
means / regwq, 363
means / t, 349
means / tukey, 358
means, 300
model / clm, 548
model / clparm, 548
model / ss2 ss3, 428
model / ss2, 424
model, 300, 408, 548, 613
noprint, 519
outstat=, 519

proc gplot, 29, 117, 408, 478, 501, 548,
591, 613, 632

haxis and vaxis, 300
plot / overlay, 548
plot, 29, 299, 408, 548
symbol1, 29, 300, 548

proc mixed, 299, 307, 450, 632
class, 307, 450, 632
lsmeans, 451, 633
method=type3, 307
model / ddfm=kr, 307, 451
model / outp=, 478
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model, 307, 451, 632
random, 307, 451, 633

proc multtest, 368, 380
proc nlin, 558
proc nlmixed, 558
proc npar1way, 501
class, 501
edf, 513
exact ks, 513
exact wilcoxon, 501
var, 501
wilcoxon, 501

proc power, 264, 326, 330
onesamplemeans, 264
onewayanova, 330

proc print, 28
proc sort, 394
proc ttest, 526
proc univariate, 54, 117, 236, 261,

478
cibasic, 237
class, 54
freq, 117
histogram, 54, 165
mu0, 261
qqplot, 165
var, 54

quit, 29
run, 28
title, 27
macro program, 519
%rand_anl.sas, 519
%rand_gen.sas, 519

macro variable, 209
missing values, 65
programs, 26
Sum of squares

Type I, 301, 409
Type II, 424
Type III, 301, 409, 424, 613

scope of inference, 47
sensitivity, 89
significant, 251
simple events, 77
skewness, 59

spatial distribution, 136
Spearman rank correlation, 602
species-area relationship, 559
specificity, 89
standard deviation, 51
standard error, 185, 224
statistical model, 14, 17, 393
statistical population, 47
statistics of dispersion, 49
statistics of location, 48
studentized range distribution, 357
sum of squares, 291, 401, 431, 536

test statistic, 246
tests of independence, 656, 674

H0, 675
χ2 test, 676
degrees of freedom, 676
likelihood ratio test, 676

theoretical mean, 110, 163, 181
theoretical variance, 112, 163, 182

linear function, 183
sum, 184

tilapia, 245
transformations, 182, 473, 558
transformations when data are limited, 492
two-sample t test, 318, 501
two-tailed test, 248
Type I error, 247
Type I error rate, 247
Type II error, 253
Type II error rate, 253

unbalanced design, 282, 389
unbiased estimator, 184
underdispersed, 136
uniform distribution, 144

random coordinates, 147
union, 78

variance components, 289, 308, 449, 451,
631

variance-stabilizing transformations, 469, 473
vernal pools, 349

Welch t test, 525
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Wilcoxon test, 496, 499
H0, 499
W , 500
normal approximation, 501


