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Introduction

Introduction

@ Dose-response experiments are common in entomology and yield data;

@ Usually overdispersed,;

Statistical Objectives
@ Compare different models to overdispersion;

@ Propose a bootstrap interval to compare treatments

Practical Objectives

@ Compare treatments in a Biological control dataset;
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Introduction

Motivation

@ The fungus /saria Fumosorosea is commonly found in soil and
infecting several species of arthropods.

@ Isolates may be collected from different places or insects.

@ Fungi-based biopesticides have the capacity to infect a large number
of pests and to remain in the environment.
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Introduction

Motivation

Biological mode of action

[
/" ) c%)
[}
Conidia >
= (Spores) ’ NN
0 Host insect
o Isaria spore

Fumorosea attachment

I internal preliferation spore germinalion l

=
= cuticle penetration
host death \ - O~ /

Problem: The ultraviolet radiation (UV-B) influences the efficacy and

conidia germination of fungi in the field.
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Experiment

Experiment

GOAL: To select isolates of /. fumosorosea with high UV-B radiation

tolerance for developing of a new mycopesticide.

@ Randomized block complete design with 4 blocks
@ 70 Petri dishes: 14 isolates x 5 exposure time (0, 2, 4, 6, 8 hours)

- &-@
L 1 O

Wooden chamber

Outcome: proportion of germinated conidia in each Petri dish.
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Observed data

Proportion of germinated conidia

Experiment
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Methodology

Methodology

(Proportion Data)

(Quas i—Binomial)

|
Var[Yi] = mjm;(1 — ;) Var[Yi] = ¢mim;(1 — ;)
) 4

Overdispersion @eta—Binomia])
: |
VarlYi] = mimi(1 = ) Var[Yi] = mimi(1 = m;)[1 + ¢(m; — 1)

(Logi stic—Normal)
l

Var[Y,-] ~ m,-7r,-(1 — 7T,')[]. + 02(m,- — 1)7‘(’,(1 — 7T,')]
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Methodology

Model fitting

o Logistic-normal:
block (i =1,...,4) lIsolate(j =1,...,14) exposure time(k =1,...,5)

nijk = Boj + Bijtk + ri + boj + bujjtk + Zjjk

ri ~ N(O,J%) Z,'jk ~ N(O,U2O)
bojj 0 . B 0,2 os
Lo |~ [(5) £ == 7L 2

@ lme4 = glmer (bobyga method);

R packages

@ hnp = half-normal plots.

v
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Deviance residuals

Deviance residuals
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1 random effect

Results

Half-normal scores

3 random effects

Half-normal scores
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Results

Model selection

1st step: Random effects

Likelihood ratio tests for the comparison of a series of generalized linear mixed models

Distribuition of random effects ~ Covariance matrix LR test (Dg — Dp)
[ [/ 0 N UZB 0
boj } " ( 0)’}:} o o
Mo ] r/ o T [ o2 0 0 925.70(<0.0(.JOl.) -
boj | ~N 0 3 s=| o ‘712 os Ffefjrence 2dlstrlbwtlon.
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Results

2st step: Fixed effects

Likelihood-ratio tests for the logistic-normal models with separate, parallel and coincident
regression lines.

Test e df  p-value

Separate X parallel 1257 13 0.4838
Parallel x coincident 25.86 13  0.0177

Selected model: parallel lines

i=1,...,4
Nijk = Boj + Bt + ri + bojj + b1jjtk + zjjk, j=1...,14
k=1,...,5

ESALQ-USP Fatoretto, M. B. 12 /20



Results
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Next step: Confidence Intervals.
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Results

Nonpametric bootstrap

Resampling from F (empirical distribution function). That is, sample from
the data (with replacement):

(Xi,Zj,yi)

for b=1,...,[ (boostrap sampling times)
Resampling ijk plots with equal probability
Fit the logistic normal model
Estimate parameters ﬁé?) ) ﬁgb), o_éb) ) O'E)b), crgb), o'_(sb)

(B)

and os

Multilevel nonparametric bootstrapping

for b=1,...,[ (boostrap sampling times)
Randomly i block with equal probability
Within each block sampled, sample jk plots with equal probability
Fit the logistic normal model
Estimate parameters ﬁ((’?) s ng), O'(Bb> s o(ob), crgb), ogb)

percentile confidence intervals

(B)
IS

and o
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Compare nonpametric bootstrap intervals

Results

Coverage rate of the 95% Cl and HDI of parameters obtained by the Hierarchical and Paired

Nonparametric bootstrap methods

Method Bo1 Bo2 Bo3 Boa Bos Bos Bor Bos Bog Bowo  Bour  Bow2
Hier. (HDI) 0.90 0.93 0.88 0.95 0.87 0.92 0.96 0.88 0.88 0.9 0.9 0.88
Hier. (CI) 0.94 0.91 0.88 0.94 0.89 0.87 0.91 0.89 0.87 0.89 0.84 0.87
Paired (HDI) 0.60 0.65 0.70 0.78 0.70 0.73 0.73 0.80 0.76 0.77 0.81 0.81
Paired (Cl) 0.62 0.61 0.72 0.77 0.75 0.76 0.73 0.81 0.76 0.77 0.84 0.83

Bois  Boisa B op [ege) oy os as
Hier. (HDI) 0.91 0.93 0.90 0.67 0.65 0.56 0.59 0.54
Hier. (CI) 0.87 0.93 0.90 0.68 0.63 0.63 0.61 0.53
Paired (HDI) 0.73 0.72 0.73 0.62 0.61 0.57 0.6 0.43
Paired (Cl) 0.74 0.73 0.76 0.6 0.65 0.56 0.59 0.4
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Similar isolates
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Conclusions

Conclusions

@ The logistic-normal model with four random effects fits the data well.

@ The use of a GLMM allowed us to model the correlation between
observations of each block per isolate;

@ Due to the inclusion of four random effects, some convergence
problems may arise due to numerical integration problems, so it is
important to take into consideration different approaches;

@ The interval obtained by nonparametric bootstrap allowed us to
compare the proportion of germinated conidia between isolate 1296
and the others.
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Work in progress

Work in progress

Nijk = Poj + Pitk +vi + bojj + bijtk + zjjk

Method Y1 2 3 a4 Boz Bos Bosa Bos Bos Bor Bos Bog Boio Boir Boiz Boiz Bois Bi

MLi000(C1) 098 0.82 0.98 0.98 0.87 0.88 0.87 0.9 0.2 0.91 0.94 0.87 0.87 0.91 0.9 0.88 0.89 0.87
ML1goo(HDY)__ 0.98 0.81 0.97 0.97 0.91 088 089 0.9 09 089 0.95 0.86 088 0.91 0.91 089 0.92 0.88
MLoo00 (C1) 0.98 0.74 0.98 0.98 0.95 0.94 0.92 0.91 0.87 0.0 0.89 0.94 0.91 0.87 0.94 0.93 0.92 0.85
Miggo (HDI) ~ 0.98 0.8 0.98 0.98 0.93 0.91 0.92 0.92 0.87 0.9 0.89 0.95 0.93 0.83 0.94 0.9 0.92 0.87
REMLigoo(Cl) ~ 0.94 0.87 0.93 0.93 0.92 0.89 0.9 0.92 0.94 0.91 0.88 0.92 0.91 0.92 0.92 0.93 0.9 0.89
REMLigoo(HDI)  0.94 0.91 0.93 0.94 0.92 0.88 0.94 0.92 0.96 0.9 0.91 0.93 0.91 0.92 0.93 0.93 0.9 0.89

ML100(Cl) 1 0971 095
_MLigoo(HDI) _ _ 098 0.96 099 0.95 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _______._
MLogoo(Cl) 0.98 0.94 0.99 0.98
_MLago(HDI) _ _ 098 0.95 0.98 098 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ______._
REMLyg00- (C1)  0.95 0.95 0.98 0.93
REMLg00- (HDI) 0.95 0.95 0.99 0.95
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Thank You!
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