RNDr. Marie Forbelska, Ph.D.

M7222 — 3. cVICENI : GLMO3b (Pocty rostlinngch druhi
na pozemcich s ruznou biomasou a pH pudy)

Méme k dispozici data, ktera se tykaji dlouhodobého zemédélského experimentu. Bylo
sledovdno 90 pozemku (pastvin) o rozloze 25 m x 25 m, lisici se v biomase, pH pudy a
druhové bohatosti (pocet rostlinnych druht na celém pozemku). Je dobfe znamo, ze s rostouct
biomasou dochézi k poklesu druhové bohatosti. Ale zustava otazka, zda rychlost poklesu
nesouvisi s urovni pH v pudé. Proto byly jednotlivé pozemky klasifikovany podle hodnoty pH
v pudé do tif trovni (nizkd, stfedni a vysokd troven) a do experimentu bylo vybréno vzdy
po 30 pozemcich pro kazdou tdroven. Spojita veli¢ina Biomass je dlouhodobym prumeérem

naméienych ¢ervnovych hodnot biomasy.

Nejprve nac¢teme datovy soubor pomoci pitkazu read.table (), pifkazem str() vypiSeme
strukturu datového ramce.

> fileDat <- paste(data.library, "species.txt", sep
> species <- read.table(fileDat, header

> str(species)

,data.frame,: 90 obs. of 3 variables:

$ pH : Factor w/ 3 levels "high","low",'mid": 1111111111 ...
$ Biomass: num 0.469 1.731 2.09 3.926 4.367 ...

$ Species: int 30 39 44 35 25 29 23 18 19 12 ...

Pomoci piikazu summary () obdrzime prvnf informace o datovém souboru.

> summary (species)

pH Biomass
high:30  Min. :0.05018
low :30 1st Qu.:1.44132

1
mid :30 Median :3.10836
Mean :3.55701
3rd Qu.:5.08570
Max. :9.98177

Abychom ziskali grafickou pfedstavu o datech, vykreslime je pomoci piikazu plot() a
pomoci ruznych symboli odlisime trovné proménné pH.

> PCH <- c(16, 17, 1)

> with(species, plot(Species ~ Biomass, pch = PCH[as.numeric(species$pH)]))
> legend("topright", with(species, levels(pH)), pch = PCH,

title = "pH")

Species
Min. : 2.
1st Qu.:12.
Median :18.
Mean :19.
3rd Qu.:25.
Max. 144
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Obrazek 1: Bodovy graf vstupnich dat.

Chceme-li ziskat detailnéjsi predstavu o tvaru trendovych funkci, pouzijeme xyplot ()
z knihovny lattice, kde diky volbé "smooth" jsou daty pomoci lokdlni polynomidlni regresi
(loess) prolozeny odhady trendové funkce.

> print(xyplot(Species ~ Biomass | pH, data = species,
type = liSt("g", upu’ "SIHOOth”)))
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Obrézek 2: Graf vstupnich dat pomoci piikazu xyplot () do tif panelt.

Pokud chceme data znazornit spolecné v jediném panelu, napiSeme:
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> print(xyplot(Species ~ Biomass, groups = pH, data = species,
type = list("g", "p", "smooth"), auto.key = list(points = TRUE,
lines = TRUE, columns = 3, title = "pH")))
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Obrazek 3: Graf vstupnich dat pomoci prikazu xyplot () do jediného panelu.

Vzhledem k tomu, ze zavisle proménnd Species znaci pocet rostlinnych druht, budeme
predpokladat, ze jeji rozdéleni je Poissonovo. Pro Poissonovo rozdéleni mame k dispozici tfi
linkovaci funkce

e logaritmus (kanonicka linkovaci funkce),
e odmocnina,
e identickd funkce.

7 predchozich grafi je patrné, ze pti modelovani vztahu mezi poissonovskou proménnou
Species a proménnou Biomass (pro tii typy pud) muzeme vyzkouset vSechny tii linkovaci
funkce

Protoze datovy soubor obsahuje také kategoridlni proménnou pH, pujde o analyzu kovari-
ance s linedrnim prediktorem tvaru

Nij Zﬂo-l-ao,j—i—(ﬂl—i-al,j)mij 1=1,...,30 j=2,3.

Pomoci prikazu glm() obdrzime odhady parametrii modelu postupné pro jednotlivé linkovaci
funkce.

> ml1 <- glm(Species ~ Biomass * pH, family = poisson(log),
data = species)
> summary (m1)
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Call:
glm(formula = Species ~ Biomass * pH, family = poisson(log),
data = species)

Deviance Residuals:
Min 1Q Median 3Q Max
-2.49779 -0.74845 -0.04023 0.55745 3.22975

Coefficients:
Estimate Std. Error z value Pr(>|zl)

.04003 -3.873 0.000108 **x*
.02308 -1.382 0.166954

Biomass:pHlow -0.15503
Biomass:pHmid -0.03189

Signif. codes: O ,*xx, 0.001 ,**x, 0.01 ,*, 0.05 ,., 0.1

(Intercept) 3.76812 0.06153 61.240 < 2e-16 **x
Biomass -0.10713 0.01249 -8.577 < 2e-16 **x
pHlow -0.81557 0.10284 -7.931 2.18e-15 **x
pHmid -0.33146 0.09217 -3.596 0.000323 ***
0
0

2 2 1
(Dispersion parameter for poisson family taken to be 1)

Null deviance: 452.346 on 89 degrees of freedom
Residual deviance: 83.201 on 84 degrees of freedom
AIC: 514.39

Number of Fisher Scoring iterations: 4

> m2 <- glm(Species ~ Biomass * pH, family = poisson(identity),
data = species)
> summary (m2)

Call:
glm(formula = Species ~ Biomass * pH, family = poisson(identity),
data = species)

Deviance Residuals:
Min 1Q Median 3Q Max
-1.96538 -0.66136 -0.05127 0.47995 3.22838

Coefficients:
Estimate Std. Error z value Pr(>|zl)

Biomass:pHlow -0.1288
Biomass:pHmid  0.3360

Signif. codes: O ,*xx, 0.001 ,**, 0.01 ,*, 0.05 ,., 0.1 , , 1

.4624 -0.278 0.781
.4322  0.777 0.437

(Intercept) 41.4276 2.0318 20.390 < 2e-16 *x**
Biomass -2.9675 0.3050 -9.731 < 2e-16 **x
pHlow -22.9839 2.3597 -9.740 < 2e-16 *x**
pHmid -12.1627 2.5642 -4.743 2.10e-06 ***
0
0

(Dispersion parameter for poisson family taken to be 1)
Null deviance: 452.35 on 89 degrees of freedom
Residual deviance: 67.07 on 84 degrees of freedom

AIC: 498.26

Number of Fisher Scoring iterations: 6
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> m3 <- glm(Species ~ Biomass * pH, family = poisson(sqrt),
data = species)
> summary (m3)

Call:
glm(formula = Species ~ Biomass * pH, family = poisson(sqrt),
data = species)

Deviance Residuals:
Min 1Q Median 3Q Max
-2.2430 -0.6885 -0.1093 0.5408 3.2633

Coefficients:
Estimate Std. Error z value Pr(>|zl)

Biomass:pHlow -0.17341
Biomass:pHmid -0.02357

Signif. codes: O ,*xx, 0.001 ,**, 0.01 ,*, 0.05 ,., 0.1, , 1

.06711 -2.584 0.00977 x*x*
.05052 -0.467 0.64075

(Intercept) 6.51567 0.17901 36.399 < 2e-16 *x**
Biomass -0.28531 0.03124 -9.133 < 2e-16 **x*
pHlow -2.16972 0.24037 -9.026 < 2e-16 **x
pHmid -1.01278 0.24477 -4.138 3.51e-05 **x
0
0

(Dispersion parameter for poisson family taken to be 1)
Null deviance: 452.346 on 89 degrees of freedom
Residual deviance: 74.876 on 84 degrees of freedom

AIC: 506.07

Number of Fisher Scoring iterations: 5

Vsechny tii postupy ukazuji, ze jednotlivé kovariaty (az na posledni) jsou statisticky vy-
znamné. Vhodnost modelu ovéiime pomoci Waldova testu.

> library(lmtest)

> waldtest(ml, test = "Chisq")
Wald test

Model 1: Species ~ Biomass * pH

Model 2: Species ™ 1
Res.Df Df Chisq Pr(>Chisq)

1 84
2 89 -5 333.95 < 2.2e-16 *x**
Signif. codes: O ,*xx, 0.001 ,**x, 0.01 ,*, 0.06 ,., 0.1, , 1

> waldtest (m2, test = "Chisq")

Wald test

Model 1: Species ~ Biomass * pH
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Model 2: Species ™ 1
Res.Df Df Chisq Pr(>Chisq)

1 84
2 89 -5 473.87 < 2.2e-16 *x**
Signif. codes: O ,*xx, 0.001 ,**x, 0.01 ,*, 0.06 ,., 0.1, , 1

> waldtest(m3, test = "Chisq")

Wald test

Model 1: Species ~ Biomass * pH
Model 2: Species ™ 1
Res.Df Df Chisq Pr(>Chisq)

1 84
2 89 -5 397.29 < 2.2e-16 *xx*
Signif. codes: O ,*xx, 0.001 ,**, 0.01 ,*, 0.05 ,., 0.1, , 1

Z vysledku je zfejmé, ze oproti nulovému modelu se pfidanim kovariat Biomass a pH model
vyrazné zlepsil. Nesmime zapomenout také na analyzu rezidui.

> par(mfrow = c(2, 2), mar = c(4, 4, 2, 0) + 0.05)
> plot(ml, cex = 0.75)
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Obrazek 4: Analyza rezidui (ruzné pruseciky i smérnice) pro kanonickou linkovaci funkei.

> par(mfrow = c(2, 2), mar = c(4, 4, 2, 0) + 0.05)
> plot(m2, cex = 0.75)
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Residuals vs Fitted Normal Q-Q
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Obrazek 5: Analyza rezidui (ruzné pruseciky i smérnice) pro identickou linkovaci funkei.

> par(mfrow = c(2, 2), mar = c(4, 4, 2, 0) + 0.05)
> plot(m3, cex = 0.75)

Residuals vs Fitted Normal Q-Q
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Obrazek 6: Analyza rezidui (ruzné pruseciky i smérnice) pro odmocninovou linkovaci funkei.
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Vysledné odhady ktivek pro vsechny tii volby linkovaci funkce graficky znazornime.

ab <- with(species, range(Biomass))
xv = seq(ab[1], ab[2], 0.1)
par(mfrow = c(2, 2), mar = c(4, 4, 1, 0) + 0.05)
with(species, plot(Species ~ Biomass, pch = PCH[as.numeric(species$pH)]))
phv = factor(rep("low", length(xv)))
yv = predict(ml, list(pH = phv, Biomass = xv), type = "response")
lines(xv, yv, 1ty = 1)
phv = factor(rep("mid", length(xv)))
yv = predict(ml, list(pH = phv, Biomass = xv), type = "response")
lines(xv, yv, 1ty = 2)
phv = factor(rep("high", length(xv)))
yv = predict(ml, list(pH = phv, Biomass = xv), type = "response")
lines(xv, yv, 1ty = 4)
legend ("topright", with(species, levels(pH)), pch = PCH,

title = "pH")
mtext ("log", line = -1.25)
with(species, plot(Species ~ Biomass, pch = PCH[as.numeric(species$pH)]))
phv = factor(rep("low", length(xv)))
yv = predict(m2, list(pH = phv, Biomass = xv), type = "response")
lines(xv, yv, lty = 1)
phv = factor(rep("mid", length(xv)))
yv = predict(m2, list(pH = phv, Biomass = xv), type = "response")
lines(xv, yv, lty = 2)
phv = factor(rep("high", length(xv)))
yv = predict(m2, list(pH = phv, Biomass = xv), type = "response")
lines(xv, yv, 1ty = 4)
legend ("topright", with(species, levels(pH)), pch = PCH,

title = "pH")
mtext ("identity", line = -1.25)
with(species, plot(Species ~ Biomass, pch = PCH[as.numeric(species$pH)]))
phv = factor(rep("low", length(xv)))
yv = predict(m3, list(pH = phv, Biomass = xv), type = "response")
lines(xv, yv, 1ty = 1)
phv = factor(rep("mid", length(xv)))
yv = predict(m3, list(pH = phv, Biomass = xv), type = "response")
lines(xv, yv, 1ty = 2)
phv = factor(rep("high", length(xv)))
yv = predict(m3, list(pH = phv, Biomass = xv), type = "response")
lines(xv, yv, 1ty = 4)
legend ("topright", with(species, levels(pH)), pch = PCH,

title = "pH")
mtext ("sqrt", line = -1.25)
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Obrazek 7: Vysledky analyzy kovariance (ruzné pruseciky i smérnice) pro ruzné linkovaci
funkce.

VVVVVVVVVVYVYV

Nyni jesté vytvorime obdobné grafy s intervaly spolehlivosti kolem stfedni hodnoty.

par (mfrow = c(2, 2), mar =

c(4, 4, 1, 0) + 0.05)

with(species, plot(Species ~ Biomass, type = "n"))

ab <- with(species, range(Biomass))
nn <- 200
Levels <- with(species, levels(pH))

Facl <- factor(rep(Levels[1], nn), levels =
Fac2 <- factor(rep(Levels[2], nn), levels =

Fac3 <- factor(rep(Levels[3], nn), levels =

xx <- seq(ab[1], ab[2], length.out =

yyl <- predict(ml, list(Biomass = xx,
yy2 <- predict(ml, list(Biomass = xx,
yy3 <- predict(ml, list(Biomass = xx,

nn)
pH =
pH
pH =

Levels)
Levels)
Levels)

Facl), type
Fac2), type
Fac3), type

"response")
"response")
"response")
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> Predicted <- predict(ml, list(Biomass = xx, pH = Facl),
type = "link", se = T)

> CI.L.log <- exp(Predicted$fit - 1.96 * Predicted$se.fit)

> CI.H.log <- exp(Predicted$fit + 1.96 * Predicted$se.fit)

> x <- c(xx, rev(xx))

>y <= ¢(CI.L.1og, rev(CI.H.log))

> polygon(x, y, col = "gray75", border = "gray75")

> Predicted <- predict(ml, list(Biomass = xx, pH = Fac2),
type = "link", se = T)

> CI.L.log <- exp(Predicted$fit - 1.96 * Predicted$se.fit)

> CI.H.log <- exp(Predicted$fit + 1.96 * Predicted$se.fit)

> x <- c(xx, rev(xx))

>y <= c(CI.L.log, rev(CI.H.log))

> polygon(x, y, col = "gray75", border = "gray75")

> Predicted <- predict(ml, list(Biomass = xx, pH = Fac3),

type = "link", se = T)

> CI.L.log <- exp(Predicted$fit - 1.96 * Predicted$se.fit)
> CI.H.log <- exp(Predicted$fit + 1.96 * Predicted$se.fit)
> x <- c(xx, rev(xx))
>y <= c¢(CI.L.1log, rev(CI.H.log))
> polygon(x, y, col = "gray90", border = "gray90")
> lines(xx, yyl, col = "red", lwd = 2)
> lines(xx, yy2, col = "dodgerblue", lwd = 2)
> lines(xx, yy3, col = "darkgreen", lwd = 2)
> with(species, points(Species ~ Biomass, cex = 0.75, pch = PCH[as.numeric(species$pH)]))
> legend("topright", with(species, levels(pH)), pch = PCH,
title = "pH")
> mtext("log", line = -1.25)
> with(species, plot(Species ~ Biomass, type = "n"))
> yyl <- predict(m2, list(Biomass = xx, pH = Facl), type = "response")
> yy2 <- predict(m2, list(Biomass = xx, pH = Fac2), type = "response")
> yy3 <- predict(m2, list(Biomass = xx, pH = Fac3), type = "response")
> Predicted <- predict(m2, list(Biomass = xx, pH = Facl),
type = "link", se = T)
> CI.L.log <- (Predicted$fit - 1.96 * Predicted$se.fit)
> CI.H.log <- (Predicted$fit + 1.96 * Predicted$se.fit)
> x <- c(xx, rev(xx))
>y <= c(CI.L.1log, rev(CI.H.log))
> polygon(x, y, col = "gray75", border = "gray75")
> Predicted <- predict(m2, list(Biomass = xx, pH = Fac2),

type = "link", se = T)

> CI.L.log <- (Predicted$fit - 1.96 * Predicted$se.fit)

> CI.H.log <- (Predicted$fit + 1.96 * Predicted$se.fit)

> x <- c(xx, rev(xx))

>y <= ¢(CI.L.1og, rev(CI.H.log))

> polygon(x, y, col = "gray75", border = "gray75")

> Predicted <- predict(m2, list(Biomass = xx, pH = Fac3),
type = "link", se = T)

> CI.L.log <- (Predicted$fit - 1.96 * Predicted$se.fit)

> CI.H.log <- (Predicted$fit + 1.96 * Predicted$se.fit)

> x <- c(xx, rev(xx))

>y <= c¢(CI.L.1log, rev(CI.H.log))

> polygon(x, y, col = "gray90", border = "gray90")

> lines(xx, yyl, col = "red", lwd = 2)

> lines(xx, yy2, col = "dodgerblue", lwd = 2)

> lines(xx, yy3, col = "darkgreen", lwd = 2)

> with(species, points(Species ~ Biomass, cex = 0.75, pch = PCH[as.numeric (species$pH)]))
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> legend("topright", with(species, levels(pH)), pch = PCH,
title = "pH")

> mtext("identity", line = -1.25)
> with(species, plot(Species ~ Biomass, type = "n"))
> yyl <- predict(m3, list(Biomass = xx, pH = Facl), type = "response")
> yy2 <- predict(m3, list(Biomass = xx, pH = Fac2), type = "response")
> yy3 <- predict(m3, list(Biomass = xx, pH = Fac3), type = "response")
> Predicted <- predict(m3, list(Biomass = xx, pH = Facl),
type = "link", se = T)
> CI.L.log <- (Predicted$fit - 1.96 * Predicted$se.fit) 2
> CI.H.log <- (Predicted$fit + 1.96 * Predicted$se.fit) 2
> x <- c(xx, rev(xx))
>y <= c(CI.L.1log, rev(CI.H.log))
> polygon(x, y, col = "gray75", border = "gray75")
> Predicted <- predict(m3, list(Biomass = xx, pH = Fac2),

type = "link", se = T)

> CI.L.log <- (Predicted$fit - 1.96 * Predicted$se.fit) 2

> CI.H.log <- (Predicted$fit + 1.96 * Predicted$se.fit) "2

> x <- c(xx, rev(xx))

>y <= c¢(CI.L.1log, rev(CI.H.log))

> polygon(x, y, col = "gray75", border = "gray75")

> Predicted <- predict(m3, list(Biomass = xx, pH = Fac3),
type = "link", se = T)

> CI.L.log <- (Predicted$fit - 1.96 * Predicted$se.fit) "2

> CI.H.log <- (Predicted$fit + 1.96 * Predicted$se.fit) 2

> x <- c(xx, rev(xx))

>y <= ¢(CI.L.1og, rev(CI.H.log))

> polygon(x, y, col = "gray90", border = "gray90")

> lines(xx, yyl, col = "red", lwd = 2)

> lines(xx, yy2, col = "dodgerblue", lwd = 2)

> lines(xx, yy3, col = "darkgreen", lwd = 2)

> with(species, points(Species ~ Biomass, cex = 0.75, pch = PCH[as.numeric(species$pH)]))

> legend("topright", with(species, levels(pH)), pch = PCH,

title = "pH")
> mtext("sqrt", line = -1.25)
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Obrazek 8: Poissonovska regrese spolu s asymptotickymi intervaly spolehlivosti.

Nyni zkusime model zjednodusit, a to tak, ze budeme predpokladat, ze linerani prediktor
mé pro jednotlivé druhy pH ruzné pruseciky, ale smérnice zustava pro vSechny tii typy stejna.

> mlb <- update(ml, ~. - pH:Biomass)
> summary (m1b)

Call:
glm(formula = Species ~ Biomass + pH, family = poisson(log),
data = species)

Deviance Residuals:
Min 1Q Median 3Q Max
-2.59586 -0.69887 -0.07373 0.66472 3.56040
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Coefficients:
Estimate Std. Error z value Pr(>|zl)

(Intercept) 3.84894 0.05281 72.885 < 2e-16 **x
Biomass -0.12756 0.01014 -12.579 < 2e-16 **x
pHlow -1.13639 0.06720 -16.910 < 2e-16 ***
pHmid -0.44516 0.05486 -8.114 4.88e-16 **x
Signif. codes: O ,*xx, 0.001 ,**, 0.01 ,*, 0.05 ,., 0.1, , 1

(Dispersion parameter for poisson family taken to be 1)

Null deviance: 452.346 on 89 degrees of freedom
Residual deviance: 99.242 on 86 degrees of freedom
AIC: 526.43

Number of Fisher Scoring iterations: 4

> m2b <- update(m2, ~. - pH:Biomass)
> summary (m2b)

Call:
glm(formula = Species ~ Biomass + pH, family = poisson(identity),
data = species)

Deviance Residuals:
Min 1Q Median 3Q Max
-2.048099 -0.714188 -0.002176 0.498606 3.195710

Coefficients:
Estimate Std. Error z value Pr(>|zl)
(Intercept)  40.860 1.407 29.037 <2e-16 *xx*
Biomass -2.871 0.183 -15.684 <2e-16 **x*
pHlow -23.068 1.180 -19.548 <2e-16 ***
pHmid -10.508 1.195 -8.791 <2e-16 **x
Signif. codes: O ,*xx, 0.001 ,**x, 0.01 ,*, 0.06 ,., 0.1, , 1

(Dispersion parameter for poisson family taken to be 1)
Null deviance: 452.346 on 89 degrees of freedom
Residual deviance: 68.126 on 86 degrees of freedom

AIC: 495.32

Number of Fisher Scoring iterations: 6

> m3b <- update(m3, ~. - pH:Biomass)
> summary (m3b)

Call:
glm(formula = Species ~ Biomass + pH, family = poisson(sqrt),
data = species)

Deviance Residuals:
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Min 1Q Median 3Q Max
-2.0358 -0.7273 -0.0930 0.5691 3.4287
Coefficients:
Estimate Std. Error z value Pr(>|zl)
(Intercept) 6.67369 0.14436 46.23 <2e-16 **x*
Biomass -0.31733 0.02269 -13.99 <2e-16 **x*
pHlow -2.63199 0.14298 -18.41 <2e-16 *x*x*
pHmid -1.14113 0.13300 -8.58 <2e-16 **x*
Signif. codes: O ,*xx, 0.001 ,**, 0.01 ,*, 0.05 ,., 0.1, , 1

(Dispersion parameter for poisson family taken to be 1)

452.346
81.133

Null deviance:
Residual deviance:

on 89 degrees of freedom
on 86 degrees of freedom

AIC: 508.32

Number of Fisher Scoring iterations: 5

Vidime, ze vSechny regresory jsou statisticky vyznamné. Nesmime zapomenout také na

analyzu rezidui.

> par(mfrow = c(2, 2), mar =

c(4, 4, 2, 0) + 0.05)

> plot(mlb, cex = 0.75)
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Obrazek 9: Analyza rezidui (ruzné pruseciky, stejnd smérnice) pro kanonickou linkovaci funkei.

c(2, 2), mar =
0.75)

> par(mfrow =
> plot(m2b, cex =

c(4, 4, 2, 0) + 0.05)
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Obrazek 10: Analyza rezidui (ruzné pruseciky, stejna

> par(mfrow = c(2, 2), mar = c(4, 4, 2, 0) + 0.05)

smérnice) pro identickou linkovaci funkei.

> plot(m3b, cex = 0.75)
Residuals vs Fitted Normal Q-Q
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Obrazek 11: Vysledky
vaci funkce.

0.00 0.02 004 0.06 0.08

Leverage

analyzy kovariance (ruzné pruseciky, stejna smérnice) pro ruzné linko-
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Vysledné odhady ktivek pro vsechny tii volby linkovaci funkce graficky znazornime.

V VVVVVVVVYVVYV VVVVVVVVVVVVVYV

V VVVVVVVVVVYV

ab <- with(species, range(Biomass))
xv = seq(ab[1], ab[2], 0.1)
par(mfrow = c(2, 2), mar = c(4, 4, 1, 0) + 0.05)
with(species, plot(Species ~ Biomass, pch = PCH[as.numeric(species$pH)]))
phv = factor(rep("low", length(xv)))
yv = predict(mlb, list(pH = phv, Biomass = xv), type = "response")
lines(xv, yv, 1ty = 1)
phv = factor(rep("mid", length(xv)))
yv = predict(mlb, list(pH = phv, Biomass = xv), type = "response")
lines(xv, yv, 1ty = 2)
phv = factor(rep("high", length(xv)))
yv = predict(mlb, list(pH = phv, Biomass = xv), type = "response")
lines(xv, yv, 1ty = 4)
legend ("topright", with(species, levels(pH)), pch = PCH,

title = "pH")
mtext ("log", line = -1.25)
with(species, plot(Species ~ Biomass, pch = PCH[as.numeric(species$pH)]))
phv = factor(rep("low", length(xv)))
yv = predict(m2b, list(pH = phv, Biomass = xv), type = "response")
lines(xv, yv, lty = 1)
phv = factor(rep("mid", length(xv)))
yv = predict(m2b, list(pH = phv, Biomass = xv), type = "response")
lines(xv, yv, lty = 2)
phv = factor(rep("high", length(xv)))
yv = predict(m2b, list(pH = phv, Biomass = xv), type = "response")
lines(xv, yv, 1ty = 4)
legend ("topright", with(species, levels(pH)), pch = PCH,

title = "pH")
mtext ("identity", line = -1.25)
with(species, plot(Species ~ Biomass, pch = PCH[as.numeric(species$pH)]))
phv = factor(rep("low", length(xv)))
yv = predict (m3b, list(pH = phv, Biomass = xv), type = "response")
lines(xv, yv, 1ty = 1)
phv = factor(rep("mid", length(xv)))
yv = predict (m3b, list(pH = phv, Biomass = xv), type = "response")
lines(xv, yv, 1ty = 2)
phv = factor(rep("high", length(xv)))
yv = predict (m3b, list(pH = phv, Biomass = xv), type = "response")
lines(xv, yv, 1ty = 4)
legend ("topright", with(species, levels(pH)), pch = PCH,

title = "pH")
mtext ("sqrt", line = -1.25)
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Obrazek 12: Vysledky analyzy kovariance (ruzné pruseciky, stejnd smérnice) pro ruzné linko-

vaci funkce.

Nyni ovéfime, zda se druhy model vyrazné nezhorsil oproti pfedchozimu.

> anova(ml, mlb, test = "Chi'")

Analysis of Deviance Table

Model 1: Species ~ Biomass * pH
Model 2: Species ~ Biomass + pH
Resid. Df Resid. Dev Df Deviance P(>|Chil)
1 84 83.201
2 86 99.242 -2 -16.040 0.0003288 x*x**

Signif. codes: O ,*xx, 0.001 ,**, 0.01 ,*, 0.05 ,., 0.1, , 1
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> anova(m2, m2b, test = "Chi'")

Analysis of Deviance Table

Model 1: Species ~ Biomass * pH
Model 2: Species ~ Biomass + pH
Resid. Df Resid. Dev Df Deviance P(>|Chil)
1 84 67.070
2 86 68.126 -2 -1.0562 0.5897

> anova(m3, m3b, test = "Chi'")

Analysis of Deviance Table

Model 1: Species ~ Biomass * pH
Model 2: Species ~ Biomass + pH
Resid. Df Resid. Dev Df Deviance P(>|Chil)
1 84 74.876
2 86 81.133 -2 -6.2566  0.04379 *

Signif. codes: O ,*xx, 0.001 ,**, 0.01 ,*, 0.05 ,., 0.1, , 1

U modelu s logaritmickou a odmocninovou linkovaci funkei vysledky testu ukazuji, ze
vypusténim jedné kovariaty se model vyznamné zhorsil, pouze model s identickou link funkci
se zhorseni neprokazalo. Ale z vyslednych grafu je zfejmé, ze identicka linkovaci funkce neni
prilis vhodna.

Na zaver jesté vysledek vykreslime také s intervaly spolehlivosti kolem stiednich hodnot.

par(mfrow = c(2, 2), mar = c(4, 4, 1, 0) + 0.05)
with(species, plot(Species ~ Biomass, type = "n"))
ab <- with(species, range(Biomass))
nn <- 200
Levels <- with(species, levels(pH))
Facl <- factor(rep(Levels[1], nn), levels = Levels)
Fac2 <- factor(rep(Levels[2], nn), levels = Levels)
Fac3 <- factor(rep(Levels[3], nn), levels = Levels)
xx <- seq(ab[1], ab[2], length.out = nn)
yyl <- predict(mlb, list(Biomass = xx, pH = Facl), type = "response")
yy2 <- predict(mlb, list(Biomass = xx, pH = Fac2), type = "response")
yy3 <- predict(mlb, list(Biomass = xx, pH = Fac3), type = "response")
Predicted <- predict(milb, list(Biomass = xx, pH = Facl),
type = "link", se = T)
CI.L.log <- exp(Predicted$fit - 1.96 * Predicted$se.fit)
CI.H.log <- exp(Predicted$fit + 1.96 * Predicted$se.fit)
x <- c(xx, rev(xx))
y <= c¢(CI.L.log, rev(CI.H.log))
polygon(x, y, col = "gray75", border = "gray75")
Predicted <- predict(mlb, list(Biomass = xx, pH = Fac2),
type = "link", se = T)
CI.L.log <- exp(Predicted$fit - 1.96 * Predicted$se.fit)
> CI.H.log <- exp(Predicted$fit + 1.96 * Predicted$se.fit)

VVVVVVVVVVYVVYV

V V.V Vv Vv Vv

\%
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x <- c(xx, rev(xx))

y <= c¢(CI.L.log, rev(CI.H.log))

polygon(x, y, col = "gray75", border = "gray75")

Predicted <- predict(mlb, list(Biomass = xx, pH = Fac3),
type = "link", se = T)

CI.L.log <- exp(Predicted$fit - 1.96 * Predicted$se.fit)

CI.H.log <- exp(Predicted$fit + 1.96 * Predicted$se.fit)

x <- c(xx, rev(xx))

y <= ¢(CI.L.1log, rev(CI.H.log))

polygon(x, y, col = "gray90", border = "gray90")

lines(xx, yyl, col = "red", lwd = 2)

lines(xx, yy2, col = "dodgerblue", lwd = 2)

lines(xx, yy3, col = "darkgreen", lwd = 2)

with(species, points(Species ~ Biomass, cex = 0.75, pch

legend ("topright", with(species, levels(pH)), pch = PCH,
title = "pH")

mtext ("log", line = -1.25)

with(species, plot(Species ~ Biomass, type = "n"))

yyl <- predict(m2b, list(Biomass = xx, pH = Facl), type

yy2 <- predict(m2b, list(Biomass = xx, pH = Fac2), type

yy3 <- predict(m2b, list(Biomass = xx, pH = Fac3), type

Predicted <- predict(m2b, list(Biomass = xx, pH = Facl),
type = "link", se = T)

CI.L.log <- (Predicted$fit - 1.96 * Predicted$se.fit)

CI.H.log <- (Predicted$fit + 1.96 * Predicted$se.fit)

x <- c(xx, rev(xx))

y <= ¢(CI.L.1log, rev(CI.H.log))

polygon(x, y, col = "gray75", border = "gray75")

Predicted <- predict(m2b, list(Biomass = xx, pH = Fac2),
type = "link", se = T)

CI.L.log <- (Predicted$fit - 1.96 * Predicted$se.fit)

CI.H.log <- (Predicted$fit + 1.96 * Predicted$se.fit)

x <- c(xx, rev(xx))

y <= c¢(CI.L.log, rev(CI.H.log))

polygon(x, y, col = "gray75", border = "gray75")

Predicted <- predict(m2b, list(Biomass = xx, pH = Fac3),
type = "link", se = T)

CI.L.log <- (Predicted$fit - 1.96 * Predicted$se.fit)

CI.H.log <- (Predicted$fit + 1.96 * Predicted$se.fit)

x <- c(xx, rev(xx))

y <= ¢(CI.L.1log, rev(CI.H.log))

polygon(x, y, col = "gray90", border = "gray90")

lines(xx, yyl, col = "red", lwd = 2)

lines(xx, yy2, col = "dodgerblue", lwd = 2)

lines(xx, yy3, col = "darkgreen", lwd = 2)

with(species, points(Species ~ Biomass, cex = 0.75, pch

legend ("topright", with(species, levels(pH)), pch = PCH,
title = "pH")

mtext ("identity", line = -1.25)

with(species, plot(Species ~ Biomass, type = "n"))

yyl <- predict(m3b, list(Biomass = xx, pH = Facl), type

yy2 <- predict(m3b, list(Biomass = xx, pH = Fac2), type

yy3 <- predict(m3b, list(Biomass = xx, pH = Fac3), type

Predicted <- predict(m3b, list(Biomass = xx, pH = Facl),
type = "link", se = T)

CI.L.log <- (Predicted$fit - 1.96 * Predicted$se.fit) 2

CI.H.log <- (Predicted$fit + 1.96 * Predicted$se.fit) 2

PCH[as.numeric (species$pH)]))

"response")
"response")
"response")

PCH[as.numeric (species$pH)]))

"response")
"response")
"response")
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x <- c(xx, rev(xx))
y <= c¢(CI.L.log, rev(CI.H.log))
polygon(x, y, col = "gray75", border

vV VvV Vv Vv

type = "link", se = T)

x <- c(xx, rev(xx))
y <= ¢(CI.L.1log, rev(CI.H.log))
polygon(x, y, col = "gray75", border

vV V.V Vv VvV

type = "link", se = T)

Predicted <- predict(m3b, list(Biomass

Predicted <- predict(m3b, list(Biomass

M7222 Zobecnéné linedrni modely (GLM03b)

ngray75n)
xx, pH = Fac2),

CI.L.log <- (Predicted$fit - 1.96 * Predicted$se.fit) 2
CI.H.log <- (Predicted$fit + 1.96 * Predicted$se.fit) 2

ugray75n)
xx, pH = Fac3),

CI.L.log <- (Predicted$fit - 1.96 * Predicted$se.fit) 2
CI.H.log <- (Predicted$fit + 1.96 * Predicted$se.fit) 2

VVVVVVVYVVYV

x <- c(xx, rev(xx))

y <= c¢(CI.L.log, rev(CI.H.log))

polygon(x, y, col = "gray90", border = "gray90")
lines(xx, yyl, col = "red", lwd = 2)

lines(xx, yy2, col = "dodgerblue", lwd = 2)
lines(xx, yy3, col = "darkgreen", lwd = 2)

with(species, points(Species ~ Biomass, cex = 0.75, pch = PCH[as.numeric(species$pH)]))
legend ("topright", with(species, levels(pH)), pch = PCH,

title = "pH")
mtext ("sqrt", line = -1.25)
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Obrazek 13: Poissonovska regrese (ruzné pruseciky, stejnd smérnice) spolu s asymptotickymi

intervaly spolehlivosti.



