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Contents of this document

This document contains scripts in R language to run the statistical analyses of the 5 experiments of the study. In addition it contains the R scripts to make the figures and selected output from the statistical analyses. 

Experiments 1 to 5 are: 1) comparison of 3 pheromone blends, 2) effect of the MK and TFMK analogs, 3) effect of the plant blend, 4) effect of the plant blend-MK analog blend, 5) effect of the plant blend-TFMK analog.

[bookmark: _GoBack]Raw data for the experiments are provided in a separate supplementary file.

#Add libraries
library(reshape) #for "rename"
library(lme4)  #for "glmer"
library(multcomp) #for "glht"
library(psych) #for "describeBy"
library(nlme) #for lme model
library(predictmeans) # for predict means
library(lsmeans) #for lsmeans

setwd("C:/R.tests/") #Indicate where the data files are stored
exp1=read.table("lob.data.exp1.txt",header=TRUE) #Bring to R the text file 
attach(exp1) #Attach object "tunnel" to the R environment
summary(exp1) #Display a summary of the variables in this file

#################
#################
# EXPERIMENT 1 #
#################
#################

#Comparison of 3 L. botrana pheromone blends at 3 concentrations each 

#ANALYSIS OF PERCENTAGES

#Boxplot
par(mfrow=c(3,1),cex=0.65)
plot(fly~trt,data=exp1)
plot(of~trt,data=exp1)
plot(con~trt,data=exp1)
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#Make a summary statistics table for each behavioral response variable (take flight (fly), upwind oriented flight to the odor source (of) and contact with the odor source (contact). 

#fly
tab1=table(exp1$trt,exp1$fly) #number of individuals flying
tab2=as.data.frame(tab1)
tab3=rename(tab2,c(Var1="trt",Var2="fly"))
posit=subset(tab3, fly=="yes")
negat=subset(tab3,fly=="no")
posit$percY=posit$Freq/(posit$Freq+negat$Freq)
obsfly=posit
obsfly
#of
tab1=table(exp1$trt,exp1$of)#number of individuals orienting
tab2=as.data.frame(tab1)
tab3=rename(tab2,c(Var1="trt",Var2="of"))
posit=subset(tab3, of=="yes")
negat=subset(tab3,of=="no")
posit$percY=posit$Freq/(posit$Freq+negat$Freq)
obsof=posit
obsof
#contact
tab1=table(exp1$trt,exp1$con)#number of individuals landing
tab2=as.data.frame(tab1)
tab3=rename(tab2,c(Var1="trt",Var2="con"))
posit=subset(tab3, con=="yes")
negat=subset(tab3,con=="no")
posit$percY=posit$Freq/(posit$Freq+negat$Freq)
obscon=posit
obscon

#Table observed
observed=cbind(obsfly[,4]*100,obsof[,4]*100,obscon[,4]*100)
colnames(observed)=c("obs.fly","obs.of","obs.con")
rownames(observed)=levels(exp1[,3])
options(digits=3)
observed

	
	obs.fly
	obs.of
	obs.con

	H10
	40
	9.09
	9.09

	H100
	74.5
	41.82
	36.36

	H1000
	94.5
	70.91
	41.82

	L10
	43.6
	5.45
	1.82

	L100
	72.7
	34.55
	27.27

	L1000
	85.5
	56.36
	49.09

	M10
	50.9
	10.91
	9.09

	M100
	69.1
	41.82
	36.36

	M1000
	94.5
	67.27
	49.09


#MODEL BUILDING

#Wind tunnel data are percentages of response (yes/no) for each behavioral category (fly/of/contact). A binomial distribution is appropriate to analyze these data. For this a generalized linear model (GLM) will be used. First we build the model without interaction (response=dose+blend) and then the model with interaction (response=dose*blend) and then compare them both with an ANOVA. If the ANOVA is significant it means that the interaction needs to be taken into account. Otherwise the interaction is not necessary. 
 
#factor variables
exp1$dose=as.factor(exp1$dose)
exp1$blend=as.factor(exp1$blend)

model.exp1.fly=glm(fly~blend+dose, data=exp1,family=binomial(logit))
model.exp1.fly1=glm(fly~blend*dose, data=exp1,family=binomial(logit))
anova(model.exp1.fly,model.exp1.fly1, test="Chisq")

  Resid. Df Resid. Dev Df Deviance Pr(>Chi)
1       490     517.28                     
2       486     512.68  4   4.5965   0.3313
#There is no difference between models so we use the one without interaction
anova(model.exp1.fly, test="Chisq") 
      Df Deviance Resid. Df Resid. Dev Pr(>Chi)    
NULL                    494     608.93             
blend  2    0.704       492     608.23   0.7032    
dose   2   90.950       490     517.28   <2e-16 ***
#Dose is highly significant, but blend is not significant

model.exp1.of=glm(of~blend+dose, data=exp1,family=binomial(logit))
model.exp1.of1=glm(of~blend*dose, data=exp1,family=binomial(logit))
anova(model.exp1.of,model.exp1.of1, test="Chisq")

  Resid. Df Resid. Dev Df Deviance Pr(>Chi)
1       490     526.97                     
2       486     526.37  4  0.60145   0.9629
#There is no difference between models so we use the one without interaction
anova(model.exp1.of, test="Chisq") 
      Df Deviance Resid. Df Resid. Dev Pr(>Chi)    
NULL                    494     655.33             
blend  2    3.189       492     652.14    0.203    
dose   2  125.174       490     526.97   <2e-16 ***
#Dose is highly significant, but blend is not significant

model.exp1.con=glm(con~blend+dose, data=exp1,family=binomial(logit))
model.exp1.con1=glm(con~blend*dose, data=exp1,family=binomial(logit))
anova(model.exp1.con,model.exp1.con1, test="Chisq")

    Resid. Df Resid. Dev Df Deviance Pr(>Chi)
1       490     517.49                     
2       486     512.90  4   4.5911   0.3319
#There is no difference between models so we use the one without interaction
anova(model.exp1.con, test="Chisq") 
      Df Deviance Resid. Df Resid. Dev Pr(>Chi)    
NULL                    494     595.14             
blend  2    1.204       492     593.94   0.5478    
dose   2   76.448       490     517.49   <2e-16 ***
#Dose is highly significant, but blend is not significant


#PAIRWISE COMPARISONS. 
#For pairwise comparisons we will use the glth (general lineal hypothesis testing) and mcp (multiple comparison) functions of R. Since we are going to compare everything with everything else (i.e., all the dose*blend combinations with each other) we will run the models again but in a format that will allow us to do this easily in R. We will use the variable "trt" which is a combination of each dose with each blend.

exp1$dose=as.factor(exp1$dose)
model.exp1.fly=glm(fly~trt, data=exp1,family=binomial(logit))
model.exp1.of=glm(of~trt, data=exp1,family=binomial(logit))
model.exp1.con=glm(con~trt, data=exp1,family=binomial(logit))

mcp.fly=glht(model.exp1.fly,linfct=mcp(trt="Tukey"))
summary(mcp.fly)

	
	Estimate
	Std. Error
	z value
	Pr(>|z|)
	

	H100 - H10 == 0
	1.48E+00
	4.14E-01
	3.57
	0.0098
	**

	H1000 - H10 == 0
	3.26E+00
	6.54E-01
	4.98
	<0.001
	***

	L10 - H10 == 0
	1.50E-01
	3.87E-01
	0.39
	1
	

	L100 - H10 == 0
	1.39E+00
	4.09E-01
	3.39
	0.0184
	*

	L1000 - H10 == 0
	2.18E+00
	4.71E-01
	4.62
	<0.001
	***

	M10 - H10 == 0
	4.42E-01
	3.85E-01
	1.15
	0.9641
	

	M100 - H10 == 0
	1.21E+00
	4.01E-01
	3.02
	0.0588
	.

	M1000 - H10 == 0
	3.26E+00
	6.54E-01
	4.98
	<0.001
	***

	H1000 - H100 == 0
	1.78E+00
	6.70E-01
	2.66
	0.1535
	

	L10 - H100 == 0
	-1.33E+00
	4.12E-01
	-3.23
	0.0316
	*

	L100 - H100 == 0
	-9.37E-02
	4.33E-01
	-0.22
	1
	

	L1000 - H100 == 0
	6.96E-01
	4.92E-01
	1.41
	0.8848
	

	M10 - H100 == 0
	-1.04E+00
	4.11E-01
	-2.53
	0.2056
	

	M100 - H100 == 0
	-2.70E-01
	4.25E-01
	-0.64
	0.9993
	

	M1000 - H100 == 0
	1.78E+00
	6.70E-01
	2.66
	0.1529
	

	L10 - H1000 == 0
	-3.11E+00
	6.53E-01
	-4.76
	<0.001
	***

	L100 - H1000 == 0
	-1.87E+00
	6.66E-01
	-2.81
	0.1049
	

	L1000 - H1000 == 0
	-1.08E+00
	7.06E-01
	-1.53
	0.8302
	

	M10 - H1000 == 0
	-2.82E+00
	6.52E-01
	-4.32
	<0.001
	***

	M100 - H1000 == 0
	-2.05E+00
	6.62E-01
	-3.1
	0.0461
	*

	M1000 - H1000 == 0
	-8.88E-16
	8.40E-01
	0
	1
	

	L100 - L10 == 0
	1.24E+00
	4.07E-01
	3.04
	0.0556
	.

	L1000 - L10 == 0
	2.03E+00
	4.69E-01
	4.32
	<0.001
	***

	M10 - L10 == 0
	2.92E-01
	3.83E-01
	0.76
	0.9975
	

	M100 - L10 == 0
	1.06E+00
	3.99E-01
	2.66
	0.1521
	

	M1000 - L10 == 0
	3.11E+00
	6.53E-01
	4.76
	<0.001
	***

	L1000 - L100 == 0
	7.90E-01
	4.88E-01
	1.62
	0.7819
	

	M10 - L100 == 0
	-9.44E-01
	4.05E-01
	-2.33
	0.3075
	

	M100 - L100 == 0
	-1.76E-01
	4.20E-01
	-0.42
	1
	

	M1000 - L100 == 0
	1.87E+00
	6.66E-01
	2.81
	0.1041
	

	M10 - L1000 == 0
	-1.73E+00
	4.68E-01
	-3.71
	0.0059
	**

	M100 - L1000 == 0
	-9.66E-01
	4.81E-01
	-2.01
	0.519
	

	M1000 - L1000 == 0
	1.08E+00
	7.06E-01
	1.53
	0.8302
	

	M100 - M10 == 0
	7.68E-01
	3.97E-01
	1.93
	0.5729
	

	M1000 - M10 == 0
	2.82E+00
	6.52E-01
	4.32
	<0.001
	***

	M1000 - M100 == 0
	2.05E+00
	6.62E-01
	3.1
	0.0472
	*




predict.fly=predictmeans(model.exp1.fly,"trt",adj="tukey", plot=F)#This calculates automatically the significance letters

	Group
	letter from R
	letter modified 

	H10
	A
	d

	H100
	BC
	ab

	H1000
	B
	a

	L10
	AD
	cd

	L100
	BCD
	abc

	L1000
	B
	a

	M10
	ACD
	bcd

	M100
	ABCD
	abcd

	M1000
	B
	a



mcp.con=glht(model.exp1.con,linfct=mcp(trt="Tukey"))
summary(mcp.con)

	
	Estimate
	Std. Error
	z value
	Pr(>|z|)
	

	H100 - H10 == 0
	1.97E+00
	5.43E-01
	3.63
	<0.01
	**

	H1000 - H10 == 0
	3.19E+00
	5.55E-01
	5.75
	<0.01
	***

	L10 - H10 == 0
	-5.50E-01
	7.57E-01
	-0.73
	0.998
	

	L100 - H10 == 0
	1.66E+00
	5.48E-01
	3.04
	0.056
	.

	L1000 - H10 == 0
	2.56E+00
	5.42E-01
	4.72
	<0.01
	***

	M10 - H10 == 0
	2.03E-01
	6.38E-01
	0.32
	1
	

	M100 - H10 == 0
	1.97E+00
	5.43E-01
	3.63
	<0.01
	**

	M1000 - H10 == 0
	3.02E+00
	5.50E-01
	5.5
	<0.01
	***

	H1000 - H100 == 0
	1.22E+00
	4.04E-01
	3.03
	0.058
	.

	L10 - H100 == 0
	-2.52E+00
	6.54E-01
	-3.86
	<0.01
	**

	L100 - H100 == 0
	-3.09E-01
	3.94E-01
	-0.78
	0.997
	

	L1000 - H100 == 0
	5.86E-01
	3.86E-01
	1.52
	0.837
	

	M10 - H100 == 0
	-1.77E+00
	5.12E-01
	-3.46
	0.015
	*

	M100 - H100 == 0
	1.11E-15
	3.87E-01
	0
	1
	

	M1000 - H100 == 0
	1.05E+00
	3.97E-01
	2.65
	0.157
	

	L10 - H1000 == 0
	-3.74E+00
	6.64E-01
	-5.64
	<0.01
	***

	L100 - H1000 == 0
	-1.53E+00
	4.11E-01
	-3.73
	<0.01
	**

	L1000 - H1000 == 0
	-6.35E-01
	4.03E-01
	-1.58
	0.807
	

	M10 - H1000 == 0
	-2.99E+00
	5.25E-01
	-5.7
	<0.01
	***

	M100 - H1000 == 0
	-1.22E+00
	4.04E-01
	-3.03
	0.058
	.

	M1000 - H1000 == 0
	-1.70E-01
	4.13E-01
	-0.41
	1
	

	L100 - L10 == 0
	2.21E+00
	6.58E-01
	3.36
	0.02
	*

	L1000 - L10 == 0
	3.11E+00
	6.53E-01
	4.76
	<0.01
	***

	M10 - L10 == 0
	7.53E-01
	7.35E-01
	1.02
	0.982
	

	M100 - L10 == 0
	2.52E+00
	6.54E-01
	3.86
	<0.01
	**

	M1000 - L10 == 0
	3.57E+00
	6.60E-01
	5.42
	<0.01
	***

	L1000 - L100 == 0
	8.95E-01
	3.93E-01
	2.28
	0.341
	

	M10 - L100 == 0
	-1.46E+00
	5.17E-01
	-2.82
	0.102
	

	M100 - L100 == 0
	3.09E-01
	3.94E-01
	0.78
	0.997
	

	M1000 - L100 == 0
	1.36E+00
	4.04E-01
	3.37
	0.02
	*

	M10 - L1000 == 0
	-2.36E+00
	5.11E-01
	-4.61
	<0.01
	***

	M100 - L1000 == 0
	-5.86E-01
	3.86E-01
	-1.52
	0.837
	

	M1000 - L1000 == 0
	4.65E-01
	3.96E-01
	1.17
	0.959
	

	M100 - M10 == 0
	1.77E+00
	5.12E-01
	3.46
	0.015
	*

	M1000 - M10 == 0
	2.82E+00
	5.19E-01
	5.43
	<0.01
	***

	M1000 - M100 == 0
	1.05E+00
	3.97E-01
	2.65
	0.157
	



predict.con=predictmeans(model.exp1.con,"trt",adj="tukey", plot=F)#This calculates automatically the significance letters

	Group
	R group
	pred mean
	new group

	H10
	AB
	0.0909
	cd

	H100
	CD
	0.4182
	ab

	H1000
	C
	0.7091
	a

	L10
	A
	0.0545
	d

	L100
	BD
	0.3455
	bc

	L1000
	CD
	0.5636
	ab

	M10
	AB
	0.1091
	cd

	M100
	CD
	0.4182
	ab

	M1000
	C
	0.6727
	a



mcp.con=glht(model.exp1.con,linfct=mcp(trt="Tukey"))
summary(mcp.con)

	
	Estimate
	Std. Error
	z value
	Pr(>|z|)
	

	H100 - H10 == 0
	1.74E+00
	5.46E-01
	3.19
	0.0336
	*

	H1000 - H10 == 0
	1.97E+00
	5.43E-01
	3.63
	0.0077
	**

	L10 - H10 == 0
	-1.69E+00
	1.11E+00
	-1.52
	0.833
	

	L100 - H10 == 0
	1.32E+00
	5.58E-01
	2.37
	0.2792
	

	L1000 - H10 == 0
	2.27E+00
	5.41E-01
	4.19
	<0.001
	***

	M10 - H10 == 0
	1.30E-15
	6.63E-01
	0
	1
	

	M100 - H10 == 0
	1.74E+00
	5.46E-01
	3.19
	0.0333
	*

	M1000 - H10 == 0
	2.27E+00
	5.41E-01
	4.19
	<0.001
	***

	H1000 - H100 == 0
	2.29E-01
	3.92E-01
	0.59
	0.9996
	

	L10 - H100 == 0
	-3.43E+00
	1.05E+00
	-3.27
	0.0256
	*

	L100 - H100 == 0
	-4.21E-01
	4.13E-01
	-1.02
	0.9817
	

	L1000 - H100 == 0
	5.23E-01
	3.89E-01
	1.35
	0.9078
	

	M10 - H100 == 0
	-1.74E+00
	5.46E-01
	-3.19
	0.0333
	*

	M100 - H100 == 0
	2.22E-16
	3.96E-01
	0
	1
	

	M1000 - H100 == 0
	5.23E-01
	3.89E-01
	1.35
	0.9078
	

	L10 - H1000 == 0
	-3.66E+00
	1.05E+00
	-3.5
	0.0119
	*

	L100 - H1000 == 0
	-6.51E-01
	4.08E-01
	-1.59
	0.7896
	

	L1000 - H1000 == 0
	2.94E-01
	3.84E-01
	0.77
	0.9973
	

	M10 - H1000 == 0
	-1.97E+00
	5.43E-01
	-3.63
	0.0073
	**

	M100 - H1000 == 0
	-2.29E-01
	3.92E-01
	-0.59
	0.9996
	

	M1000 - H1000 == 0
	2.94E-01
	3.84E-01
	0.77
	0.9973
	

	L100 - L10 == 0
	3.01E+00
	1.05E+00
	2.86
	0.0889
	.

	L1000 - L10 == 0
	3.95E+00
	1.04E+00
	3.78
	0.0044
	**

	M10 - L10 == 0
	1.69E+00
	1.11E+00
	1.52
	0.8332
	

	M100 - L10 == 0
	3.43E+00
	1.05E+00
	3.27
	0.0256
	*

	M1000 - L10 == 0
	3.95E+00
	1.04E+00
	3.78
	0.0043
	**

	L1000 - L100 == 0
	9.44E-01
	4.05E-01
	2.33
	0.2999
	

	M10 - L100 == 0
	-1.32E+00
	5.58E-01
	-2.37
	0.2785
	

	M100 - L100 == 0
	4.21E-01
	4.13E-01
	1.02
	0.9816
	

	M1000 - L100 == 0
	9.44E-01
	4.05E-01
	2.33
	0.3001
	

	M10 - L1000 == 0
	-2.27E+00
	5.41E-01
	-4.19
	<0.001
	***

	M100 - L1000 == 0
	-5.23E-01
	3.89E-01
	-1.35
	0.908
	

	M1000 - L1000 == 0
	4.44E-16
	3.81E-01
	0
	1
	

	M100 - M10 == 0
	1.74E+00
	5.46E-01
	3.19
	0.0338
	*

	M1000 - M10 == 0
	2.27E+00
	5.41E-01
	4.19
	<0.001
	***

	M1000 - M100 == 0
	5.23E-01
	3.89E-01
	1.35
	0.9079
	



predict.con=predictmeans(model.exp1.con,"trt",adj="tukey", plot=F)#This calculates automatically the significance letters

	
	Group
	pred mean
	new group

	H10
	A
	0.09
	b

	H100
	B
	0.36
	a

	H1000
	B
	0.42
	a

	L10
	A
	0.02
	b

	L100
	AB
	0.27
	ab

	L1000
	B
	0.49
	a

	M10
	A
	0.09
	b

	M100
	B
	0.36
	a

	M1000
	B
	0.49
	a



#OBSERVED AND PREDICTED

observed=as.data.frame(observed)
obs.fly=observed[,1]
obs.of=observed[,2]
obs.con=observed[,3]

predict.fly=predictmeans(model.exp1.fly,"trt",adj="tukey", plot=F)[[6]]
predict.fly=predict.fly[[2]]*100

predict.of=predictmeans(model.exp1.of,"trt",adj="tukey", plot=F)[[6]]
predict.of=predict.of[[2]]*100

predict.con=predictmeans(model.exp1.con,"trt",adj="tukey", plot=F)[[6]]
predict.con=predict.con[[2]]*100

table=cbind(obs.fly,predict.fly,obs.of,predict.of,obs.con,predict.con)
colnames(table)=c("FLY.O", "FLY.P", "OF.O","OF.P", "CON.O","CON.P") 

rownames(table)=levels(exp1$trt)

#Reorder trt levels
newrow=c("L10","L100","L1000","M10","M100","M1000","H10","H100","H1000")
table=table[newrow,,drop=FALSE]

table

	
	FLY.O
	FLY.P
	OF.O
	OF.P
	CON.O
	CON.P

	L10
	43.6
	43.6
	5.45
	5.45
	1.82
	1.82

	L100
	72.7
	72.7
	34.55
	34.55
	27.27
	27.27

	L1000
	85.5
	85.5
	56.36
	56.36
	49.09
	49.09

	M10
	50.9
	50.9
	10.91
	10.91
	9.09
	9.09

	M100
	69.1
	69.1
	41.82
	41.82
	36.36
	36.36

	M1000
	94.5
	94.5
	67.27
	67.27
	49.09
	49.09

	H10
	40
	40
	9.09
	9.09
	9.09
	9.09

	H100
	74.5
	74.6
	41.82
	41.82
	36.36
	36.36

	H1000
	94.5
	94.5
	70.91
	70.91
	41.82
	41.82



#FIGURES EXP1 PERCENTAGES
#Use predicted values

table=as.data.frame(table)

par(mfrow=c(3,1), mar=c(2,7,1,1), xpd=T, oma=rep(5,4))

#FLY PLOT
par(lwd=2)
fly.plot=barplot(table[[2]],beside=T, col=rep(c("white","lightgrey","darkgrey"),3), axes=F, ylim=c(0,100),axisnames=F,ylab="Percent take flight",cex.lab=1.5)
axis(2,at=seq(0,100,by=25), cex.axis=1.3, lwd=2)
text(fly.plot, table[[2]]+7, labels=c("cd","abc","a","bcd","abcd","a","d","ab","a"),cex=1.5)
par(lwd=0.5)

#OF PLOT
par(lwd=2)
con.plot=barplot(table[[4]],beside=T, col=rep(c("white","lightgrey","darkgrey"),3), axes=F, ylim=c(0,100),axisnames=F,ylab="Percent orient",cex.lab=1.5)
axis(2,at=seq(0,100,by=25), cex.axis=1.3, lwd=2)
text(fly.plot, table[[4]]+7, labels=c("d","bc","ab","cd","ab","a","cd","ab","a"),cex=1.5)
par(lwd=0.5)

#CONTACT PLOT
par(lwd=2)
contact.plot=barplot(table[[6]],beside=T, col=rep(c("white","lightgrey","darkgrey"),3), axes=F, ylim=c(0,100),axisnames=F, ylab="Percent contact", cex.lab=1.5)
axis(2,at=seq(0,100,by=25), cex.axis=1.3, lwd=2)
text(contact.plot, table[[6]]+7, labels=c("b","ab","a","b","a","a","b","a","a"),cex=1.5)
legend("topleft", legend = c("10 ng", "100 ng","1000 ng"), 
       fill = c("white", "lightgrey","darkgrey"), bty="n", cex=1.5)

#X axis

axis(1, at=c(2,5.5,9), line=0,labels=c("100:20:5","100:10:2","100:5:1"), cex.axis=1.3, col=0, tck=0)
axis(1,at=5.5,line=2,labels=" E7,Z9-12:Ac : E7,Z9-12:OH : Z9-12:Ac", cex.axis=1.3, col=0, tck=0)
#mtext("Z7,E9-12:Ac - Z7,E9-12:OH - Z9-12:Ac ratio", side=1, outer=TRUE, at=0.55, cex=1.1, line=2)


[image: ]

#ANALYSIS OF TIMES

#Next we will analyze the time (in seconds) it took insects to start flying, orienting or contact with the odor source

#BOXPLOTS. To visualize the data
par(mfrow=c(3,1), lwd=1)
boxplot(fly.t~trt, data=exp1)
boxplot(con.t~trt, data=exp1)
boxplot(con.t~trt, data=exp1)


#Check normality con data
with(exp1, tapply(fly.t, trt, shapiro.test))#normality con "fly" for each "trt" level
#Almost all p-values are significant, which indicates that the data are not normally distributed
#Try transforming the data
with(exp1, tapply(log(fly.t+1), trt, shapiro.test))#Normality is restored for most treatments so we will use transformed data

par(mfrow=c(3,1),mar=c(4,6,2,1))
boxplot(log(fly.t+1)~trt, data=exp1, ylab="log(fly)", cex.lab=1.5)
boxplot(log(con.t+1)~trt, data=exp1, ylab="log(orient)", cex.lab=1.5)
boxplot(log(con.t+1)~trt, data=exp1, ylab="log(contact)", cex.lab=1.5)
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#MODELING: Use a linear model con log-transformed data

model.fly.t=lm(log(fly.t+1)~blend+dose,data=exp1)
model.fly.t1=lm(log(fly.t+1)~blend*dose,data=exp1)
anova(model.fly.t,model.fly.t1)
  Res.Df    RSS Df Sum of Sq      F Pr(>F)
1    339 441.96                           
2    335 435.69  4    6.2709 1.2054 0.3083
#No significant, so the interaction is not needed
anova(model.fly.t)
           Df Sum Sq Mean Sq F value  Pr(>F)  
blend       2   7.13  3.5665  2.7356 0.06628 .
dose        2   0.03  0.0160  0.0123 0.98782  
Residuals 339 441.96  1.3037   
#No significant effect of dose or blend

model.of.t=lm(log(of.t+1)~blend+dose,data=exp1)
model.of.t1=lm(log(of.t+1)~blend*dose,data=exp1)
anova(model.of.t,model.of.t1)
  Res.Df    RSS Df Sum of Sq      F Pr(>F)
1    181 146.05                           
2    177 144.14  4    1.9129 0.5872 0.6723
#No significant, so the interaction is not needed
anova(model.of.t)
           Df  Sum Sq Mean Sq F value Pr(>F)
blend       2   1.116 0.55780  0.6913 0.5023
dose        2   2.094 1.04715  1.2977 0.2757
Residuals 181 146.053 0.80692
#No significant effect of dose or blend


model.con.t=lm(log(con.t+1)~blend+dose,data=exp1)
model.con.t1=lm(log(con.t+1)~blend*dose,data=exp1)
anova(model.con.t,model.con.t1)
    Res.Df    RSS Df Sum of Sq      F Pr(>F)
1    138 74.129                           
2    134 73.369  4    0.7607 0.3473 0.8455
#No significant, so the interaction is not needed
anova(model.con.t)
           Df Sum Sq Mean Sq F value Pr(>F)
blend       2  0.406 0.20323  0.3783 0.6857
dose        2  1.015 0.50761  0.9450 0.3912
Residuals 138 74.129 0.53717
#No significant effect with dose or blend

#There is no difference among treatments in the flight time parameters


#################
#################
# EXPERIMENT 2 #
#################
#################

#Effect con the structural analogs MK and TFMK
 
#Add libraries
library(reshape) #for "rename"
library(lme4)  #for "glmer"
library(multcomp) #for "glht"
library(psych) #for "describeBy"
library(nlme) #for lme model
library(predictmeans) # for predict means
library(lsmeans) #for lsmeans

setwd("C:/R.tests/") #Indicate where the data files are stored
exp2=read.table("lob.data.exp2.txt",header=TRUE) #Bring to R the text file 
attach(exp2) #Attach object "tunnel" to the R environment
summary(exp2) #Display a summary con the variables in this file

#ANALYSIS PERCENTAGES

#Boxplot
par(mfrow=c(3,1),cex=0.65)
plot(fly~trt,data=exp2)
plot(con~trt,data=exp2)
plot(con~trt,data=exp2)
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#Make a summary statistics table for each behavioral response variable (take flight (fly), upwind oriented flight to the odor source (con) and contact with the odor source (contact). 

#fly
tab1=table(exp2$trt,exp2$fly) #number con individuals flying
tab2=as.data.frame(tab1)
tab3=rename(tab2,c(Var1="trt",Var2="fly"))
posit=subset(tab3, fly=="yes")
negat=subset(tab3,fly=="no")
posit$percY=posit$Freq/(posit$Freq+negat$Freq)
obsfly=posit
obsfly
#of
tab1=table(exp2$trt,exp2$of)#number con individuals orienting
tab2=as.data.frame(tab1)
tab3=rename(tab2,c(Var1="trt",Var2="of"))
posit=subset(tab3, of=="yes")
negat=subset(tab3,of=="no")
posit$percY=posit$Freq/(posit$Freq+negat$Freq)
obsof=posit
obsof
#contact
tab1=table(exp2$trt,exp2$con)#number con individuals landing
tab2=as.data.frame(tab1)
tab3=rename(tab2,c(Var1="trt",Var2="con"))
posit=subset(tab3, con=="yes")
negat=subset(tab3,con=="no")
posit$percY=posit$Freq/(posit$Freq+negat$Freq)
obscon=posit
obscon

#Table observed
observed=cbind(obsfly[,4]*100,obsof[,4]*100,obscon[,4]*100)
colnames(observed)=c("obs.fly","obs.of","obs.con")
rownames(observed)=levels(exp2[,3])
options(digits=3)
observed

	
	obs.fly
	obs.con
	obs.con

	MK10
	86.8
	66.2
	47.06

	MK100
	54.4
	35.3
	8.82

	P
	77.9
	48.5
	41.18

	TF10
	88.2
	64.7
	44.12

	TF100
	72.1
	50
	20.59



#MODEL 

model.exp2.fly=glm(fly~trt, data=exp2,family=binomial(logit))
anova(model.exp2.fly, test="Chisq")
     Df Deviance Resid. Df Resid. Dev Pr(>Chi)    
NULL                   339        376             
trt   4     27.2       335        348  1.8e-05 ***
model.exp2.of=glm(of~trt, data=exp2,family=binomial(logit))
anova(model.exp2.of, test="Chisq")
     Df Deviance Resid. Df Resid. Dev Pr(>Chi)   
NULL                   339        470            
trt   4     18.1       335        452   0.0012 **
model.exp2.con=glm(con~trt, data=exp2,family=binomial(logit))
anova(model.exp2.con, test="Chisq")
     Df Deviance Resid. Df Resid. Dev Pr(>Chi)    
NULL                   339        428             
trt   4     38.8       335        389  7.6e-08 ***

#PAIRWISE COMPARISONS
predictmeans(model.exp2.fly,"trt",adj="tukey", plot=F)[[5]]
       MK10  MK100      P   TF10  TF100
MK10  0.000 3.9354  1.337 -0.259  2.080
MK100 0.001 0.0000 -2.852 -4.100 -2.118
P     0.668 0.0370  0.000 -1.579  0.791
TF10  0.999 0.0005  0.512  0.000  2.304
TF100 0.231 0.2148  0.933  0.146  0.000
      Group
MK10     A 
MK100     B
P        A 
TF10     A 
TF100    AB
predictmeans(model.exp2.of,"trt",adj="tukey", plot=F)[[5]]
        MK10  MK100      P   TF10  TF100
MK10  0.0000 3.5413  2.068  0.180  1.902
MK100 0.0041 0.0000 -1.559 -3.378 -1.727
P     0.2364 0.5250  0.000 -1.894 -0.172
TF10  0.9998 0.0072  0.323  0.000  1.727
TF100 0.3182 0.4189  1.000  0.419  0.000
      Group
MK10     A 
MK100     B
P        AB
TF10     A 
TF100    AB
predictmeans(model.exp2.con,"trt",adj="tukey", plot=F)[[5]]


#OBSERVED AND PREDICTED

observed=as.data.frame(observed)
obs.fly=observed[,1]
obs.con=observed[,2]
obs.con=observed[,3]

predict.fly=predictmeans(model.exp2.fly,"trt",adj="tukey", plot=F)[[6]]
predict.fly=predict.fly[[2]]*100

predict.con=predictmeans(model.exp2.con,"trt",adj="tukey", plot=F)[[6]]
predict.con=predict.con[[2]]*100

predict.con=predictmeans(model.exp2.con,"trt",adj="tukey", plot=F)[[6]]
predict.con=predict.con[[2]]*100

table=cbind(obs.fly,predict.fly,obs.con,predict.con,obs.con,predict.con)
colnames(table)=c("FLY.O", "FLY.P", "CON.O","CON.P", "CON.O","CON.P") 

rownames(table)=levels(exp2$trt)
table=table[c(3,1,2,4,5),]
table

	
	FLY.O
	FLY.P
	CON.O
	CON.P
	CON.O
	CON.P

	P
	86.8
	77.9
	66.2
	48.5
	47.06
	41.18

	MK10
	54.4
	86.8
	35.3
	66.2
	8.82
	47.06

	MK100
	77.9
	54.4
	48.5
	35.3
	41.18
	8.82

	TF10
	88.2
	88.2
	64.7
	64.7
	44.12
	44.12

	TF100
	72.1
	72.1
	50
	50
	20.59
	20.59



#PERCENTS PLOT
#Use predicted values

table=as.data.frame(table)
par(mfrow=c(3,1), mar=c(2,7,1,1), xpd=T, oma=rep(5,4))

#FLY PLOT
par(lwd=2)
fly.plot=barplot(table[[2]],beside=T, axes=F, col=c("lightgrey",rep("white",4)), ylim=c(0,100),axisnames=F,ylab="Percent take flight",cex.lab=1.5)
axis(2,at=seq(0,100,by=25), cex.axis=1.3, lwd=2)
text(fly.plot, table[[2]]+9, labels=c("a","a","b","a","ab"),cex=1.5)
par(lwd=0.5)

#CON PLOT
par(lwd=2)
con.plot=barplot(table[[4]],beside=T, axes=F, col=c("lightgrey",rep("white",4)), ylim=c(0,100),axisnames=F,ylab="Percent orient",cex.lab=1.5)
axis(2,at=seq(0,100,by=25), cex.axis=1.3, lwd=2)
text(fly.plot, table[[4]]+9, labels=c("ab","a","b","a","ab"),cex=1.5)
par(lwd=0.5)

#CONTACT PLOT
par(lwd=2)
contact.plot=barplot(table[[6]],beside=T, col=c("lightgrey",rep("white",4)), axes=F, ylim=c(0,100),axisnames=F, ylab="Percent contact", cex.lab=1.5)
axis(2,at=seq(0,100,by=25), cex.axis=1.3, lwd=2)
text(contact.plot, table[[6]]+9, labels=c("ab","a","c","a","bc"),cex=1.5)

#X axis

axis(1, at=contact.plot, line=0,labels=c("0.1","0.1","0.1","0.1","0.1"), cex.axis=1.3, col=0, tck=0)
axis(1, at=contact.plot, line=1.5,labels=c("","1","10","",""), cex.axis=1.3, col=0, tck=0)
axis(1, at=contact.plot, line=3,labels=c("","","","1","10"), cex.axis=1.3, col=0, tck=0)
axis(1, at=-0.7, line=0, labels=c("Phermone (µg)"), cex.axis=1.3, col=0, tck=0, adj=0)
axis(1, at=-1, line=1.5, labels=c("MK (µg)"), cex.axis=1.3, col=0, tck=0)
axis(1, at=-0.9, line=3, labels=c("TFMK (µg)"), cex.axis=1.3, col=0, tck=0, adj=1)
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#ANALYSIS TIMES

#Next we will analyze the time (in seconds) it took insects to start flying, orienting or contact with the odor source

#BOXPLOTS. To visualize the data
par(mfrow=c(3,1), lwd=1)
boxplot(fly.t~trt, data=exp2)
boxplot(con.t~trt, data=exp2)
boxplot(con.t~trt, data=exp2)

#Check normality con data
with(exp2, tapply(fly.t, trt, shapiro.test))#normality con "fly" for each "trt" level
#Almost all p-values are significant, which indicates that the data are not normally distributed
#Try transforming the data
with(exp2, tapply(log(fly.t+1), trt, shapiro.test))#Normality is restored for most treatments so we will use transformed data

par(mfrow=c(3,1),mar=c(4,6,2,1))
boxplot(log(fly.t+1)~trt, data=exp2, ylab="log(fly)", cex.lab=1.5)
boxplot(log(con.t+1)~trt, data=exp2, ylab="log(orient)", cex.lab=1.5)
boxplot(log(con.t+1)~trt, data=exp2, ylab="log(contact)", cex.lab=1.5)
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#MODELING: Use a linear model con log-transformed data

model.fly.t=lm(log(fly.t+1)~trt,data=exp2)
model.con.t=lm(log(con.t+1)~trt,data=exp2) 
model.con.t=lm(log(con.t+1)~trt,data=exp2)

anova(model.fly.t)
Analysis con Variance Table

Response: log(fly.t + 1)
           Df Sum Sq Mean Sq F value Pr(>F)
trt         4    5.4    1.35    1.25   0.29
Residuals 253  272.0    1.07               

anova(model.con.t)
Analysis con Variance Table

Response: log(con.t + 1)
           Df Sum Sq Mean Sq F value Pr(>F)
trt         4    5.3    1.33    1.92   0.11
Residuals 175  120.7    0.69               

anova(model.con.t)
Analysis con Variance Table

Response: log(con.t + 1)
           Df Sum Sq Mean Sq F value Pr(>F)
trt         4    1.7   0.420    0.84    0.5
Residuals 105   52.3   0.499     

#There are no treatment effects on the time to fly, orient or contact


#################
#################
# EXPERIMENT 3 #
#################
#################

#Effect con the plant volatile blend on pheromone response
 
#Add libraries
library(reshape) #for "rename"
library(lme4)  #for "glmer"
library(multcomp) #for "glht"
library(psych) #for "describeBy"
library(nlme) #for lme model
library(predictmeans) # for predict means
library(lsmeans) #for lsmeans

setwd("C:/R.tests/") #Indicate where the data files are stored
exp3=read.table("lob.data.exp3.txt",header=TRUE) #Bring to R the text file 
attach(exp3) #Attach object "tunnel" to the R environment

levels(exp3$trt)[levels(exp3$trt)=="PLANT10"]="PLANT" #relabel trt level PLANT10

summary(exp3) #Display a summary con the variables in this file

#ANALYSIS PERCENTAGES
#Boxplot
par(mfrow=c(3,1),cex=0.65)
plot(fly~trt,data=exp3)
plot(of~trt,data=exp3)
plot(con~trt,data=exp3)
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#The treatment with only plant volatiles (PLANT) has 30Percent flight and 0Percent OF and contact. If we include this treatment in the analysis we need to covert one random non-responding individual into responding in both OF and contact. On the other hand since the question that we are asking is if the plant blend can improve the performance con the pheromone, it is not necessary to analyze the plant blend alone. We can indicate in the text that there was no response to it. So we exclude this treatment from the analysis.

exp3=exp3[exp3$trt!="PLANT",]
exp3$trt = as.factor(as.character(exp3$trt))
exp3$trt = relevel(exp3$trt, "PHE1")#This puts PHER first and will be used to make comparison con each pher+plant trt with pher

#factor variables
exp3$trt=as.factor(exp3$trt)

#Make a summary statistics table for each behavioral response variable (take flight (fly), upwind oriented flight to the odor source (con) and contact with the odor source (contact). 

#fly
tab1=table(exp3$trt,exp3$fly) #number con individuals flying
tab2=as.data.frame(tab1)
tab3=rename(tab2,c(Var1="trt",Var2="fly"))
posit=subset(tab3, fly=="yes")
negat=subset(tab3,fly=="no")
posit$percY=posit$Freq/(posit$Freq+negat$Freq)
obsfly=posit
obsfly
#of
tab1=table(exp3$trt,exp3$of)#number of individuals orienting
tab2=as.data.frame(tab1)
tab3=rename(tab2,c(Var1="trt",Var2="of"))
posit=subset(tab3, of=="yes")
negat=subset(tab3,of=="no")
posit$percY=posit$Freq/(posit$Freq+negat$Freq)
obsof=posit
obsof
#contact
tab1=table(exp3$trt,exp3$con)#number con individuals landing
tab2=as.data.frame(tab1)
tab3=rename(tab2,c(Var1="trt",Var2="con"))
posit=subset(tab3, con=="yes")
negat=subset(tab3,con=="no")
posit$percY=posit$Freq/(posit$Freq+negat$Freq)
obscon=posit
obscon

#Table observed
observed=cbind(obsfly[,4]*100,obsof[,4]*100,obscon[,4]*100)
colnames(observed)=c("obs.fly","obs.of","obs.con")
rownames(observed)=levels(exp3[,3])
options(digits=3)
observed

	
	obs.fly
	obs.of
	obs.con

	PHE1
	73.3
	36.7
	26.7

	PLANT
	30
	0
	0

	PLANT100
	91.7
	65
	56.7

	PLANT1000
	93.3
	73.3
	60

	PLANT10000
	91.7
	71.7
	41.7



#MODEL 

model.exp3.fly=glm(fly~trt, data=exp3,family=binomial(logit))
anova(model.exp3.fly, test="Chisq")
     Df Deviance Resid. Df Resid. Dev Pr(>Chi)   
NULL                   239        181            
trt   3       13       236        168   0.0046 **
model.exp3.of=glm(of~trt, data=exp3,family=binomial(logit))
anova(model.exp3.of, test="Chisq")
     Df Deviance Resid. Df Resid. Dev Pr(>Chi)    
NULL                   239        320             
trt   3     21.9       236        298    7e-05 ***
model.exp3.con=glm(con~trt, data=exp3,family=binomial(logit))
anova(model.exp3.con, test="Chisq")
     Df Deviance Resid. Df Resid. Dev Pr(>Chi)    
NULL                   239        331             
trt   3     17.4       236        314  0.00059 ***

#PAIRWISE COMPARISONS
# The pheromone+plant treatments will be compared with pheromone. 

predictmeans(model.exp3.fly,"trt",adj="tukey", plot=F)[[5]]

             PHE1 PLANT100 PLANT1000 PLANT10000
PHE1       0.0000   -2.517    -2.739     -2.517
PLANT100   0.0599    0.000    -0.346      0.000
PLANT1000  0.0334    0.986     0.000      0.346
PLANT10000 0.0599    1.000     0.986      0.000
           Group
PHE1          A 
PLANT100      AB
PLANT1000      B
PLANT10000    AB

predictmeans(model.exp3.of,"trt",adj="tukey", plot=F)[[5]]

             PHE1 PLANT100 PLANT1000 PLANT10000
PHE1       0.0000   -3.061    -3.932     -3.759
PLANT100   0.0131    0.000    -0.986     -0.784
PLANT1000  0.0006    0.757     0.000      0.204
PLANT10000 0.0012    0.862     0.997      0.000
           Group
PHE1          A 
PLANT100       B
PLANT1000      B
PLANT10000     B

predictmeans(model.exp3.con,"trt",adj="tukey", plot=F)[[5]]

             PHE1 PLANT100 PLANT1000 PLANT10000
PHE1       0.0000   -3.271    -3.603      -1.72
PLANT100   0.0067    0.000    -0.370       1.64
PLANT1000  0.0022    0.983     0.000       2.00
PLANT10000 0.3148    0.360     0.192       0.00
           Group
PHE1          A 
PLANT100       B
PLANT1000      B
PLANT10000    AB

#OBSERVED AND PREDICTED

observed=as.data.frame(observed)
obs.fly=observed[,1]
obs.of=observed[,2]
obs.con=observed[,3]

predict.fly=predictmeans(model.exp3.fly,"trt",adj="tukey", plot=F)[[6]]
predict.fly=predict.fly[[2]]*100

predict.of=predictmeans(model.exp3.of,"trt",adj="tukey", plot=F)[[6]]
predict.of=predict.of[[2]]*100

predict.con=predictmeans(model.exp3.con,"trt",adj="tukey", plot=F)[[6]]
predict.con=predict.con[[2]]*100

table=cbind(obs.fly,predict.fly,obs.of,predict.of,obs.con,predict.con)
colnames(table)=c("FLY.O", "FLY.P", "OF.O","OF.P", "CON.O","CON.P") 

rownames(table)=levels(exp3$trt)
table

	
	FLY.O
	FLY.P
	CON.O
	CON.P
	CON.O
	CON.P

	PHE1
	73.3
	73.3
	36.7
	36.7
	26.7
	26.7

	PLANT100
	91.7
	91.7
	65
	65
	56.7
	56.7

	PLANT1000
	93.3
	93.3
	73.3
	73.3
	60
	60

	PLANT10000
	91.7
	91.7
	71.7
	71.7
	41.7
	41.7



#ANALYSIS TIMES

#Next we will analyze the time (in seconds) it took insects to start flying, orienting or contact with the odor source

#BOXPLOTS. To visualize the data
par(mfrow=c(3,1), lwd=1)
boxplot(fly.t~trt, data=exp3)
boxplot(con.t~trt, data=exp3)
boxplot(con.t~trt, data=exp3)
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#It appears as if the time con response decreases when we add plant volatiles to the pheromone blend

#Check normality con data
with(exp3, tapply(fly.t, trt, shapiro.test))#normality con "fly" for each "trt" level
#Almost all p-values are significant, which indicates that the data are not normally distributed
#Try transforming the data
with(exp3, tapply(log(fly.t+1), trt, shapiro.test))#Normality is barely restored for most treatments so we will perform a glm test

#MODELING

model.exp3.fly.t=glm(fly.t~trt,data=exp3)
model.exp3.of.t=glm(of.t~trt,data=exp3) 
model.exp3.con.t=glm(con.t~trt,data=exp3)

anova(model.exp3.fly.t, test="F")
     Df Deviance Resid. Df Resid. Dev      F Pr(>F)
NULL                   227      74497              
trt   4   1826.9       223      72670 1.4015 0.2344
anova(model.exp3.con.t, test="F")
     Df Deviance Resid. Df Resid. Dev      F   Pr(>F)   
NULL                   110      42495                   
trt   3   4965.4       107      37530 4.7189 0.003925 **
anova(model.exp3.of.t, test="F")    
Df Deviance Resid. Df Resid. Dev      F    Pr(>F)    
NULL                   147      59957                     
trt   3   6452.1       144      53505 5.7883 0.0009162 ***

#Take-of time is not affected but CON and contact are effected
#Compare means for CON and contact

mcp.of=glht(model.exp3.of.t, linfct=mcp(trt="Dunnett"))
summary(mcp.of)
                       Estimate Std. Error z value Pr(>|z|)    
PLANT100 - PHE1 == 0    -16.544      5.140  -3.219  0.00376 ** 
PLANT1000 - PHE1 == 0   -20.636      5.033  -4.100  < 0.001 ***
PLANT10000 - PHE1 == 0  -15.513      5.053  -3.070  0.00529 **

mcp.con=glht(model.exp3.con.t, linfct=mcp(trt="Dunnett"))
summary(mcp.con)
                       Estimate Std. Error z value Pr(>|z|)    
PLANT100 - PHE1 == 0    -18.544      5.678  -3.266  0.00314 ** 
PLANT1000 - PHE1 == 0   -20.250      5.627  -3.599  < 0.001 ***
PLANT10000 - PHE1 == 0  -16.150      5.996  -2.693  0.01744 *

#OBSERVED AND PREDICTED

times=describeBy(exp3[,c("fly.t","of.t","con.t")], exp3$trt)
times=do.call("rbind",times)
observed=times[,c("mean","se")]

obs.fly.mean=observed[c(1,4,7,10),1]
obs.fly.se=observed[c(1,4,7,10),2]
obs.of.mean=observed[c(2,5,8,11),1]
obs.of.se=observed[c(2,5,8,11),2]
obs.con.mean=observed[c(3,6,9,12),1]
obs.con.se=observed[c(3,6,9,12),2]

pred.fly.mean=predictmeans(model.exp3.fly.t,"trt",adj="tukey", plot=F)[[6]]
pred.fly.mean=pred.fly.mean[[2]]
pred.fly.se=as.data.frame(predictmeans(model.exp3.fly.t,"trt",adj="tukey", plot=F)[[2]])
pred.fly.se=pred.fly.se[[2]]

pred.of.mean=predictmeans(model.exp3.of.t,"trt",adj="tukey", plot=F)[[6]]
pred.of.mean=pred.of.mean[[2]]
pred.of.se=as.data.frame(predictmeans(model.exp3.of.t,"trt",adj="tukey", plot=F)[[2]])
pred.of.se=pred.of.se[[2]]

pred.con.mean=predictmeans(model.exp3.con.t,"trt",adj="tukey", plot=F)[[6]]
pred.con.mean=pred.con.mean[[2]]
pred.con.se=as.data.frame(predictmeans(model.exp3.con.t,"trt",adj="tukey", plot=F)[[2]])
pred.con.se=pred.con.se[[2]]

table.t=cbind(obs.fly.mean, obs.fly.se, pred.fly.mean, pred.fly.se, obs.of.mean, obs.of.se, pred.of.mean, pred.of.se, obs.con.mean, obs.con.se, pred.con.mean, pred.con.se)
colnames(table.t)=c("F.O.M", "F.O.SE","F.P.M", "F.P.SE", "OF.O.M","OF.O.SE","OF.P.M", "OF.P.SE", "C.O.M","C.O.SE", "C.P.M", "C.P.SE")
rownames(table.t)=levels(exp3$trt)
table.t

	
	F.O.M
	F.O.SE
	F.P.M
	F.P.SE
	OF.O.M
	OF.O.SE
	OF.P.M
	OF.P.SE
	C.O.M
	C.O.SE
	C.P.M
	C.P.SE

	PHE1
	16.39
	2.98
	16.39
	2.7
	34
	5.11
	34
	4.11
	41.8
	7.33
	41.8
	4.68

	PLANT100
	12
	2.06
	12
	2.42
	17.4
	2.75
	17.4
	3.09
	23.2
	2.61
	23.2
	3.21

	PLANT1000
	9.48
	2.26
	9.48
	2.39
	13.3
	1.77
	13.3
	2.91
	21.5
	2.19
	21.5
	3.12

	PLANT10000
	10.51
	2.66
	10.51
	2.42
	18.4
	3.67
	18.4
	2.94
	25.6
	4.27
	25.6
	3.75




#PLOT PERCENTS OF INDIVIDUALS RESPODING AND TIME OF RESPONSE

table=as.data.frame(table)
table.t=as.data.frame(table.t)

par(mfrow=c(2,2), mar=c(2,7,1,1), xpd=T, oma=rep(5,4))

#FLY PLOT
par(lwd=2)
fly.plot=barplot(table[[2]],beside=T, axes=F, col=c("lightgrey",rep("white",3)), ylim=c(0,100),axisnames=F,ylab="Percent take flight",cex.lab=1.5)
axis(2,at=seq(0,100,by=25), cex.axis=1.3, lwd=2)
text(fly.plot, table[[1]]+9, labels=c("b","ab","a","ab"),cex=1.5)
par(lwd=0.5)

#OF PLOT
par(lwd=2)
of.plot=barplot(table[[4]],beside=T, axes=F, col=c("lightgrey",rep("white",3)), ylim=c(0,100),axisnames=F,ylab="Percent orient",cex.lab=1.5)
axis(2,at=seq(0,100,by=25), cex.axis=1.3, lwd=2)
text(fly.plot, table[[4]]+9, labels=c("b","a","a","a"),cex=1.5)
par(lwd=0.5)

#CONTACT PLOT
par(lwd=2)
contact.plot=barplot(table[[6]],beside=T, col=c("lightgrey",rep("white",3)), axes=F, ylim=c(0,100),axisnames=F, ylab="Percent contact", cex.lab=1.5)
axis(2,at=seq(0,100,by=25), cex.axis=1.3, lwd=2)
text(contact.plot, table[[6]]+9, labels=c("b","a","a","ab"),cex=1.5)

#X axis

axis(1, at=contact.plot, line=0,labels=c("0.1","0.1","0.1","0.1"), cex.axis=1.3, col=0, tck=0)
axis(1, at=contact.plot, line=1.5,labels=c("","10","100","1000"), cex.axis=1.3, col=0, tck=0)
axis(1, at=-0.6, line=0, labels="Pherom. (µg)", cex.axis=1.3, col=0, tck=0, adj=0)
axis(1, at=-0.8, line=1.5, labels="Plant (µg)", cex.axis=1.3, col=0, tck=0)
#TIMES PLOT

timeplot=plot(table.t[[3]], type="l", ylim=c(0,50), axes=F, ylab="Seconds (mean ± SEM)", cex.lab=1.5)
axis(1, at=c(1:4), lwd=2, lab=F, pos=0)
axis(2,at=seq(0,50,by=10),cex.axis=1.3, lwd=2)
lines(table.t[[7]],lty=2, col="darkgrey")
lines(table.t[[11]],lty=3)

segments(1, table.t[1,3]-table.t[1,4],1,table.t[1,3]+table.t[1,4])
segments(1, table.t[1,7]-table.t[1,8],1,table.t[1,7]+table.t[1,8], col="darkgrey")
segments(1, table.t[1,11]-table.t[1,12],1,table.t[1,11]+table.t[1,12])
segments(2, table.t[2,3]-table.t[2,4],2,table.t[2,3]+table.t[2,4])
segments(2, table.t[2,7]-table.t[2,8],2,table.t[2,7]+table.t[2,8], col="darkgrey")
segments(2, table.t[2,11]-table.t[2,12],2,table.t[2,11]+table.t[2,12])
segments(3, table.t[3,3]-table.t[3,4],3,table.t[3,3]+table.t[3,4])
segments(3, table.t[3,7]-table.t[3,8],3,table.t[3,7]+table.t[3,8],col="darkgrey")
segments(3, table.t[3,11]-table.t[3,12],3,table.t[3,11]+table.t[3,12])
segments(4, table.t[4,3]-table.t[4,4],4,table.t[4,3]+table.t[4,4])
segments(4, table.t[4,7]-table.t[4,8],4,table.t[4,7]+table.t[4,8],col="darkgrey")
segments(4, table.t[4,11]-table.t[4,12],4,table.t[4,11]+table.t[4,12])

text(c(1.1,2.1,3.1,4.1),table.t[[7]]+table.t[[8]],labels=c("","*","*","*"), cex=2)
text(c(1.1,2.1,3.1,4.1),table.t[[11]]+table.t[[12]],labels=c("","*","*","*"), cex=2)
axis(1, at=c(1:4), line=-0.3,labels=c("0.1","0.1","0.1","0.1"), cex.axis=1.3, col=0, tck=0)
axis(1, at=c(1:4), line=1,labels=c("","10","100","1000"), cex.axis=1.3, col=0, tck=0)
legend("topright",c("Take flight","Oriented flight","Contact"),cex=1.3,lty=1:3,bty="n", col=c("black","darkgrey","black"))


[image: ]

#################
#################
# EXPERIMENT 4 #
#################
#################

#Effect of the plant volatile blend on pheromone + inhibitor mix
 
#Add libraries
library(reshape) #for "rename"
library(lme4)  #for "glmer"
library(multcomp) #for "glht"
library(psych) #for "describeBy"
library(nlme) #for lme model
library(predictmeans) # for predict means
library(lsmeans) #for lsmeans

setwd("C:/R.tests/") #Indicate where the data files are stored
exp4=read.table("lob.data.exp4.txt",header=TRUE) #Bring to R the text file 
attach(exp4) #Attach object "tunnel" to the R environment

summary(exp4) #Display a summary of the variables in this file
#ANALYSIS OF PERCENTAGES

#Boxplot
par(mfrow=c(3,1),cex=0.65)
plot(fly~trt,data=exp4)
plot(of~trt,data=exp4)
plot(con~trt,data=exp4)


[image: ]

#Make a summary statistics table for each behavioral response variable (take flight (fly), upwind oriented flight to the odor source (of) and contact with the odor source (contact). 

#fly
tab1=table(exp4$trt,exp4$fly) #number of individuals flying
tab2=as.data.frame(tab1)
tab3=rename(tab2,c(Var1="trt",Var2="fly"))
posit=subset(tab3, fly=="yes")
negat=subset(tab3,fly=="no")
posit$percY=posit$Freq/(posit$Freq+negat$Freq)
obsfly=posit
obsfly
#of
tab1=table(exp4$trt,exp4$of)#number of individuals orienting
tab2=as.data.frame(tab1)
tab3=rename(tab2,c(Var1="trt",Var2="of"))
posit=subset(tab3, of=="yes")
negat=subset(tab3,of=="no")
posit$percY=posit$Freq/(posit$Freq+negat$Freq)
obsof=posit
obsof
#contact
tab1=table(exp4$trt,exp4$con)#number of individuals landing
tab2=as.data.frame(tab1)
tab3=rename(tab2,c(Var1="trt",Var2="con"))
posit=subset(tab3, con=="yes")
negat=subset(tab3,con=="no")
posit$percY=posit$Freq/(posit$Freq+negat$Freq)
obscon=posit
obscon

#Table observed
observed=cbind(obsfly[,4]*100,obsof[,4]*100,obscon[,4]*100)
colnames(observed)=c("obs.fly","obs.of","obs.con")
rownames(observed)=levels(exp4[,3])
options(digits=3)
observed

	
	obs.fly
	obs.of
	obs.con

	PH
	95.4
	65.4
	51.54

	PHMK
	81.1
	52
	13.39

	PHMKPL1
	76.4
	44.9
	10.24

	PHMKPL2
	68.5
	40.9
	7.87

	PHPL1
	95.3
	76.4
	60.63

	PHPL2
	92.1
	79.5
	69.29



#MODEL BUILDING

#factor variables
exp4$trt=as.factor(exp4$trt)

#The variable is binomial ("yes" or "no") so we need a binomial distribution. For this we use a general linear model

model.exp4.fly=glm(fly~trt, data=exp4,family=binomial(logit))
anova(model.exp4.fly, test="Chisq")
     Df Deviance Resid. Df Resid. Dev Pr(>Chi)    
NULL                   764        651             
trt   5     63.8       759        587  1.9e-12 ***
model.exp4.of=glm(of~trt, data=exp4,family=binomial(logit))
anova(model.exp4.of, test="Chisq")
          Df Deviance Resid. Df Resid. Dev Pr(>Chi)    
NULL                   764       1031             
trt   5     72.7       759        958  2.8e-14 ***
model.exp4.con=glm(con~trt, data=exp4,family=binomial(logit))
anova(model.exp4.con, test="Chisq")
         Df Deviance Resid. Df Resid. Dev Pr(>Chi)    
NULL                   764        996             
trt   5      235       759        761   <2e-16 ***
#PAIRWISE COMPARISONS

predictmeans(model.exp4.fly,"trt",adj="tukey", plot=F)[5]

            PH   PHMK PHMKPL1 PHMKPL2   PHPL1 PHPL2
PH      0.0000 3.3059  3.9699  4.8993  0.0414  1.07
PHMK    0.0127 0.0000  0.9186  2.2928 -3.2529 -2.51
PHMKPL1 0.0011 0.9418  0.0000  1.4006 -3.9156 -3.30
PHMKPL2 0.0000 0.1982  0.7267  0.0000 -4.8436 -4.42
PHPL1   1.0000 0.0151  0.0014  0.0000  0.0000  1.02
PHPL2   0.8936 0.1230  0.0131  0.0002  0.9104  0.00
        Group
PH        A  
PHMK       BC
PHMKPL1    B 
PHMKPL2    B 
PHPL1     A  
PHPL2     A C

predictmeans(model.exp4.of,"trt",adj="tukey", plot=F)[5]
            PH   PHMK PHMKPL1 PHMKPL2  PHPL1  PHPL2
PH      0.0000 2.1767   3.280   3.885 -1.929 -2.513
PHMK    0.2499 0.0000   1.129   1.758 -3.992 -4.522
PHMKPL1 0.0138 0.8693   0.000   0.634 -5.019 -5.518
PHMKPL2 0.0015 0.4940   0.989   0.000 -5.578 -6.058
PHPL1   0.3850 0.0010   0.000   0.000  0.000 -0.605
PHPL2   0.1216 0.0001   0.000   0.000  0.991  0.000
        Group
PH        AB 
PHMK      A C
PHMKPL1     C
PHMKPL2     C
PHPL1      B 
PHPL2      B
predictmeans(model.exp4.con,"trt",adj="tukey", plot=F)[5]
            PH  PHMK PHMKPL1 PHMKPL2 PHPL1 PHPL2
PH      0.0000 6.139   6.542   6.754 -1.47 -2.89
PHMK    0.0000 0.000   0.776   1.410 -7.24 -8.28
PHMKPL1 0.0000 0.972   0.000   0.654 -7.56 -8.52
PHMKPL2 0.0000 0.721   0.987   0.000 -7.69 -8.58
PHPL1   0.6862 0.000   0.000   0.000  0.00 -1.44
PHPL2   0.0457 0.000   0.000   0.000  0.70  0.00
        Group
PH        A  
PHMK       B 
PHMKPL1    B 
PHMKPL2    B 
PHPL1     A C
PHPL2       C

#OBSERVED AND PREDICTED

observed=as.data.frame(observed)
obs.fly=observed[,1]
obs.of=observed[,2]
obs.con=observed[,3]

predict.fly=predictmeans(model.exp4.fly,"trt",adj="tukey", plot=F)[[6]]
predict.fly=predict.fly[[2]]*100

predict.of=predictmeans(model.exp4.of,"trt",adj="tukey", plot=F)[[6]]
predict.of=predict.of[[2]]*100

predict.con=predictmeans(model.exp4.con,"trt",adj="tukey", plot=F)[[6]]
predict.con=predict.con[[2]]*100

table=cbind(obs.fly,predict.fly,obs.of,predict.of,obs.con,predict.con)
colnames(table)=c("FLY.O", "FLY.P", "OF.O","OF.P", "CON.O","CON.P") 

rownames(table)=levels(exp4$trt)
table

	
	FLY.O
	FLY.P
	OF.O
	OF.P
	CON.O
	CON.P

	PH
	95.4
	95.4
	65.4
	65.4
	51.54
	51.54

	PHMK
	81.1
	81.1
	52
	52
	13.39
	13.39

	PHMKPL1
	76.4
	76.4
	44.9
	44.9
	10.24
	10.24

	PHMKPL2
	68.5
	68.5
	40.9
	40.9
	7.87
	7.87

	PHPL1
	95.3
	95.3
	76.4
	76.4
	60.63
	60.63

	PHPL2
	92.1
	92.1
	79.5
	79.5
	69.29
	69.29




#ANALYSIS OF TIMES

#Next we will analyze the time (in seconds) it took insects to start flying, orienting or contacting with the odor source

#BOXPLOTS. To visualize the data
par(mfrow=c(3,1), lwd=1)
boxplot(fly.t~trt, data=exp4)
boxplot(of.t~trt, data=exp4)
boxplot(con.t~trt, data=exp4)

[image: ]
#It appears as if the time of response decreases when we add plant volatiles to the pheromone blend

#Check normality of data
with(exp4, tapply(fly.t, trt, shapiro.test))#normality of "fly" for each "trt" level
#Almost all p-values are significant, which indicates that the data are not normally distributed
#Try transforming the data
with(exp4, tapply(log(fly.t+1), trt, shapiro.test))#Normality is barely restored for most treatments so we will perform glm tests

#MODELING

model.exp4.fly.t=glm(fly.t~trt,data=exp4)
model.exp4.of.t=glm(of.t~trt,data=exp4) 
model.exp4.con.t=glm(con.t~trt,data=exp4)

anova(model.exp4.fly.t, test="F")
     Df Deviance Resid. Df Resid. Dev  F Pr(>F)
NULL                   648     271545          
trt   5     2098       643     269447  1   0.42
anova(model.exp4.of.t, test="F")
     Df Deviance Resid. Df Resid. Dev    F Pr(>F)  
NULL                   457     196327              
trt   5     5981       452     190346 2.84  0.015 *
anova(model.exp4.con.t, test="F")
     Df Deviance Resid. Df Resid. Dev    F Pr(>F)  
NULL                   271     123724              
trt   5     6366       266     117358 2.89  0.015 *

#Take of time is not affected but OF and contact are effected
#Compare means for OF and contact

mcp.of=glht(model.exp4.of.t,linfct=mcp(trt=c("PH-PHMK=0","PH-PHPL1=0","PH-PHPL2=0","PHMK-PHMKPL1=0","PHMK-PHMKPL2=0")))
summary(mcp.of)
                   Estimate Std. Error z value Pr(>|z|)  
PH - PHMK == 0         -1.49       3.37   -0.44     0.99  
PH - PHPL1 == 0        -1.61       3.05   -0.53     0.98  
PH - PHPL2 == 0         6.11       3.02    2.02     0.17  
PHMK - PHMKPL1 == 0     8.92       3.71    2.40     0.07 .
PHMK - PHMKPL2 == 0     1.40       3.81    0.37     1.00  
mcp.con=glht(model.exp4.con.t,linfct=mcp(trt=c("PH-PHMK=0","PH-PHPL1=0","PH-PHPL2=0","PHMK-PHMKPL1=0","PHMK-PHMKPL2=0")))
summary(mcp.con)
                    Estimate Std. Error z value Pr(>|z|)  
PH - PHMK == 0        -14.23       5.70   -2.49    0.056 .
PH - PHPL1 == 0        -3.62       3.51   -1.03    0.777  
PH - PHPL2 == 0         4.62       3.41    1.36    0.551  
PHMK - PHMKPL1 == 0    15.30       7.74    1.98    0.191  
PHMK - PHMKPL2 == 0    11.26       8.37    1.35    0.558

#OBSERVED AND PREDICTED

times=describeBy(exp4[,c("fly.t","of.t","con.t")], exp4$trt)
times=do.call("rbind",times)
observed=times[,c("mean","se")]

obs.fly.mean=observed[c(1,4,7,10,13,16),1]
obs.fly.se=observed[c(1,4,7,10,13,16),2]
obs.of.mean=observed[c(2,5,8,11,14,17),1]
obs.of.se=observed[c(2,5,8,11,14,17),2]
obs.con.mean=observed[c(3,6,9,12,15,18),1]
obs.con.se=observed[c(3,6,9,12,15,18),2]

pred.fly.mean=predictmeans(model.exp4.fly.t,"trt",adj="tukey", plot=F)[[6]]
pred.fly.mean=pred.fly.mean[[2]]
pred.fly.se=as.data.frame(predictmeans(model.exp4.fly.t,"trt",adj="tukey", plot=F)[[2]])
pred.fly.se=pred.fly.se[[2]]

pred.of.mean=predictmeans(model.exp4.of.t,"trt",adj="tukey", plot=F)[[6]]
pred.of.mean=pred.of.mean[[2]]
pred.of.se=as.data.frame(predictmeans(model.exp4.of.t,"trt",adj="tukey", plot=F)[[2]])
pred.of.se=pred.of.se[[2]]

pred.con.mean=predictmeans(model.exp4.con.t,"trt",adj="tukey", plot=F)[[6]]
pred.con.mean=pred.con.mean[[2]]
pred.con.se=as.data.frame(predictmeans(model.exp4.con.t,"trt",adj="tukey", plot=F)[[2]])
pred.con.se=pred.con.se[[2]]

table.t=cbind(obs.fly.mean, obs.fly.se, pred.fly.mean, pred.fly.se, obs.of.mean, obs.of.se, pred.of.mean, pred.of.se, obs.con.mean, obs.con.se, pred.con.mean, pred.con.se)
colnames(table.t)=c("F.O.M", "F.O.SE","F.P.M", "F.P.SE", "OF.O.M","OF.O.SE","OF.P.M", "OF.P.SE", "C.O.M","C.O.SE", "C.P.M", "C.P.SE")
rownames(table.t)=levels(exp4$trt)
table.t

	
	F.O.M
	F.O.SE
	F.P.M
	F.P.SE
	OF.O.M
	OF.O.SE
	OF.P.M
	OF.P.SE
	C.O.M
	C.O.SE
	C.P.M
	C.P.SE

	PH
	13.3
	2
	13.3
	1.84
	22.4
	2.32
	22.4
	2.23
	29.5
	2.26
	29.5
	2.57

	PHMK
	13.7
	2.14
	13.7
	2.02
	23.9
	3.04
	23.9
	2.53
	43.8
	7.66
	43.8
	5.09

	PHMKPL1
	14
	2.1
	14
	2.08
	14.9
	1.88
	14.9
	2.72
	28.5
	5.75
	28.5
	5.83

	PHMKPL2
	16.7
	2.63
	16.7
	2.19
	22.5
	3.27
	22.5
	2.85
	32.5
	5.26
	32.5
	6.64

	PHPL1
	13.3
	2
	13.6
	1.86
	22.4
	2.32
	24
	2.08
	29.5
	2.26
	33.2
	2.39

	PHPL2
	13.7
	2.14
	10.3
	1.89
	23.9
	3.04
	16.3
	2.04
	43.8
	7.66
	24.9
	2.24




#PLOT PERCENT and TIMES

table=as.data.frame(table)
table.t=as.data.frame(table.t)

par(mfrow=c(2,2), mar=c(2,7,1,1), xpd=T, oma=rep(5,4))

#PERCENT PLOT

#FLY PLOT
par(lwd=2)
fly.plot=barplot(table[[2]],beside=T, axes=F, col=c("lightgrey",rep("white",5)), ylim=c(0,100),axisnames=F,ylab="Percent take flight",cex.lab=1.5)
axis(2,at=seq(0,100,by=25), cex.axis=1.3, lwd=2)
#axis(3,at=3.7, line=0.05, labels="ns", cex.axis=1.1, col=0, tck=0)
text(fly.plot,table[[2]]+9,labels=c("a","c","c","c","a","ab"), cex=1.5)


#OF PLOT
par(lwd=2)
of.plot=barplot(table[[4]],beside=T, axes=F, col=c("lightgrey",rep("white",5)), ylim=c(0,100),axisnames=F,ylab="Percent orient",cex.lab=1.5)
axis(2,at=seq(0,100,by=25), cex.axis=1.3, lwd=2)

text(of.plot,table[[4]]+9,labels=c("ab","bc","c","c","a","a"), cex=1.5)

#CONTACT PLOT
par(lwd=2)
contact.plot=barplot(table[[6]],beside=T, col=c("lightgrey",rep("white",5)), axes=F, ylim=c(0,100),axisnames=F, ylab="Percent contact", cex.lab=1.5)
axis(2,at=seq(0,100,by=25), cex.axis=1.3, lwd=2)

text(of.plot,table[[6]]+9,labels=c("b","c","c","c","ab","a"), cex=1.5)

#X axis

axis(1, at=contact.plot, line=0,labels=rep("0.1",6), cex.axis=1.3, col=0, tck=0)
axis(1, at=contact.plot, line=1.25,labels=c("","10","10","10","",""), cex.axis=1.3, col=0, tck=0)
axis(1, at=contact.plot, line=2.5,labels=c("","","10","100","10","100"), cex.axis=1.3, col=0, tck=0)
axis(1, at=-1.8, line=0, labels="Pherom. (µg)", cex.axis=1.3, col=0, tck=0, adj=0)
axis(1, at=-1.6, line=1.25, labels="MK (µg)", cex.axis=1.3, col=0, tck=0)
axis(1, at=-1.6, line=2.5, labels="Plant (µg)", cex.axis=1.3, col=0, tck=0)

#TIME

timeplot=plot(table.t[[3]], type="l", ylim=c(0,60), axes=F, ylab="Seconds (mean ± SEM)",cex.lab=1.5)
axis(1, at=c(1:6), lwd=2, lab=F, pos=0)
axis(2,at=seq(0,60,by=10),cex.axis=1.3, lwd=2)
lines(table.t[[7]],lty=2, col="darkgrey")
lines(table.t[[11]],lty=3)

segments(1, table.t[1,3]-table.t[1,4],1,table.t[1,3]+table.t[1,4])
segments(1, table.t[1,7]-table.t[1,8],1,table.t[1,7]+table.t[1,8], col="darkgrey")
segments(1, table.t[1,11]-table.t[1,12],1,table.t[1,11]+table.t[1,12])
segments(2, table.t[2,3]-table.t[2,4],2,table.t[2,3]+table.t[2,4])
segments(2, table.t[2,7]-table.t[2,8],2,table.t[2,7]+table.t[2,8], col="darkgrey")
segments(2, table.t[2,11]-table.t[2,12],2,table.t[2,11]+table.t[2,12])
segments(3, table.t[3,3]-table.t[3,4],3,table.t[3,3]+table.t[3,4])
segments(3, table.t[3,7]-table.t[3,8],3,table.t[3,7]+table.t[3,8],col="darkgrey")
segments(3, table.t[3,11]-table.t[3,12],3,table.t[3,11]+table.t[3,12])
segments(4, table.t[4,3]-table.t[4,4],4,table.t[4,3]+table.t[4,4])
segments(4, table.t[4,7]-table.t[4,8],4,table.t[4,7]+table.t[4,8],col="darkgrey")
segments(4, table.t[4,11]-table.t[4,12],4,table.t[4,11]+table.t[4,12])
segments(5, table.t[5,3]-table.t[5,4],5,table.t[5,3]+table.t[5,4])
segments(5, table.t[5,7]-table.t[5,8],5,table.t[5,7]+table.t[5,8],col="darkgrey")
segments(5, table.t[5,11]-table.t[5,12],5,table.t[5,11]+table.t[5,12])
segments(6, table.t[6,3]-table.t[6,4],6,table.t[6,3]+table.t[6,4])
segments(6, table.t[6,7]-table.t[6,8],6,table.t[6,7]+table.t[6,8],col="darkgrey")
segments(6, table.t[6,11]-table.t[6,12],6,table.t[6,11]+table.t[6,12])

text(2,55, labels="*",cex=2)
text(6,35, labels="*", cex=2)

axis(1, at=c(1:6), line=0,labels=rep("0.1",6), cex.axis=1.3, col=0, tck=0)
axis(1, at=c(1:6), line=1.25,labels=c("","10","10","10","",""), cex.axis=1.3, col=0, tck=0)
axis(1, at=c(1:6), line=2.5,labels=c("","","10","100","10","100"), cex.axis=1.3, col=0, tck=0)
legend("topright",c("Take flight","Oriented flight","Contact"),cex=1.2,lty=1:3,bty="n", col=c("black","darkgrey","black"))

[image: ]

#####################
#EXPERIMENT 5#
#####################


Effect of the plant volatile blend on pheromone + inhibitor mix
 
#Add libraries
library(reshape) #for "rename"
library(lme4)  #for "glmer"
library(multcomp) #for "glht"
library(psych) #for "describeBy"
library(nlme) #for lme model
library(predictmeans) # for predict means
library(lsmeans) #for lsmeans

setwd("C:/R.tests/") #Indicate where the data files are stored
exp5=read.table("lob.data.exp5.txt",header=TRUE) #Bring to R the text file 
attach(exp5) #Attach object "tunnel" to the R environment

#Reorder the levels to make it llike in exp4
exp5$trt = factor(exp5$trt, levels=c("PH","PHTF","PHTFPL1","PHTFPL2","PHPL1","PHPL2"))

#factor variables
exp5$trt=as.factor(exp5$trt)


summary(exp5) #Display a summary of the variables in this file

#ANALYSIS OF PERCENTAGES

#Boxplot
par(mfrow=c(3,1),cex=0.65)
plot(fly~trt,data=exp5)
plot(of~trt,data=exp5)
plot(con~trt,data=exp5)



[image: ]

#Make a summary statistics table for each behavioral response variable (take flight (fly), upwind oriented flight to the odor source (of) and contact with the odor source (contact). 

#fly
tab1=table(exp5$trt,exp5$fly) #number of individuals flying
tab2=as.data.frame(tab1)
tab3=rename(tab2,c(Var1="trt",Var2="fly"))
posit=subset(tab3, fly=="yes")
negat=subset(tab3,fly=="no")
posit$percY=posit$Freq/(posit$Freq+negat$Freq)
obsfly=posit
obsfly
#of
tab1=table(exp5$trt,exp5$of)#number of individuals orienting
tab2=as.data.frame(tab1)
tab3=rename(tab2,c(Var1="trt",Var2="of"))
posit=subset(tab3, of=="yes")
negat=subset(tab3,of=="no")
posit$percY=posit$Freq/(posit$Freq+negat$Freq)
obsof=posit
obsof
#contact
tab1=table(exp5$trt,exp5$con)#number of individuals landing
tab2=as.data.frame(tab1)
tab3=rename(tab2,c(Var1="trt",Var2="con"))
posit=subset(tab3, con=="yes")
negat=subset(tab3,con=="no")
posit$percY=posit$Freq/(posit$Freq+negat$Freq)
obscon=posit
obscon

#Table observed
observed=cbind(obsfly[,4]*100,obsof[,4]*100,obscon[,4]*100)
colnames(observed)=c("obs.fly","obs.of","obs.con")
rownames(observed)=levels(exp5[,3])
options(digits=3)
observed

	
	obs.fly
	obs.of
	obs.con

	PH
	80.7
	42
	28.41

	PHTF
	69.3
	35.2
	9.09

	PHTFPL1
	71.6
	33
	9.09

	PHTFPL2
	75
	46.6
	17.05

	PHPL1
	95.5
	65.9
	51.14

	PHPL2
	93.2
	79.5
	60.23



#MODEL BUILDING


#factor variables
exp5$trt=as.factor(exp5$trt)

#The variable is binomial ("yes" or "no") so we need a binomial distribution. For this we use a general linear model

model.exp5.fly=glm(fly~trt, data=exp5,family=binomial(logit))
anova(model.exp5.fly, test="Chisq")
          Df Deviance Resid. Df Resid. Dev   Pr(>Chi)    
NULL                   527        515               
trt   5     40.2       522        475 0.00000014 ***
model.exp5.of=glm(of~trt, data=exp5,family=binomial(logit))
anova(model.exp5.of, test="Chisq")
     Df Deviance Resid. Df Resid. Dev Pr(>Chi)    
NULL                   527        732             
trt   5     62.7       522        669  3.3e-12 ***
model.exp5.con=glm(con~trt, data=exp5,family=binomial(logit))
anova(model.exp5.con, test="Chisq")
     Df Deviance Resid. Df Resid. Dev Pr(>Chi)    
NULL                   527        637             
trt   5      105       522        533   <2e-16 ***

#PAIRWISE COMPARISONS
#We perform several contrasts to answer the following questions:
#Is TFMK inhibiting pheromone (PH)? (contrast PH vs PHTF)
#Is Plant (PL) synergizing pheromone? (contrast PH vs PHPL1 and PHPL2)
#Is PL restoring TFMK inhibition? (contrast PHTF vs PHTFPL1 and PHTFPL2)
#Because in this test we observe a slight increase in the PHTFPL2 treatment with respect to PHTF we also ask if PHTFPL2 is still lower than PH, or on the contrary, it has increased to the same level of PH

mcp.fly=glht(model.exp5.fly,linfct=mcp(trt=c("PH-PHTF=0","PH-PHPL1=0","PH-PHPL2=0","PHTF-PHTFPL1=0","PHTF-PHTFPL2=0","PH-PHTFPL2=0")))
summary(mcp.fly)

                    Estimate Std. Error z value Pr(>|z|)  
PH - PHTF == 0         0.614      0.355    1.73    0.351  
PH - PHPL1 == 0       -1.615      0.579   -2.79    0.029 *
PH - PHPL2 == 0       -1.185      0.502   -2.36    0.093 .
PHTF - PHTFPL1 == 0   -0.109      0.331   -0.33    0.999  
PHTF - PHTFPL2 == 0   -0.284      0.338   -0.84    0.912  
PH - PHTFPL2 == 0      0.331      0.365    0.91    0.884  

mcp.of=glht(model.exp5.of,linfct=mcp(trt=c("PH-PHTF=0","PH-PHPL1=0","PH-PHPL2=0","PHTF-PHTFPL1=0","PHTF-PHTFPL2=0","PH-PHTFPL2=0")))
summary(mcp.of)

                    
                   Estimate Std. Error z value Pr(>|z|)    
PH - PHTF == 0         0.288      0.311    0.93   0.8601    
PH - PHPL1 == 0       -0.980      0.312   -3.14   0.0093 ** 
PH - PHPL2 == 0       -1.679      0.341   -4.92   <0.001 ***
PHTF - PHTFPL1 == 0    0.101      0.318    0.32   0.9985    
PHTF - PHTFPL2 == 0   -0.472      0.309   -1.53   0.4640    
PH - PHTFPL2 == 0     -0.184      0.304   -0.61   0.9724

mcp.con=glht(model.exp5.con,linfct=mcp(trt=c("PH-PHTF=0","PH-PHPL1=0","PH-PHPL2=0","PHTF-PHTFPL1=0","PHTF-PHTFPL2=0","PH-PHTFPL2=0")))
summary(mcp.con)

                     Estimate Std. Error z value Pr(>|z|)    
PH - PHTF == 0       1.38e+00   4.40e-01    3.13   0.0097 ** 
PH - PHPL1 == 0     -9.70e-01   3.18e-01   -3.05   0.0126 *  
PH - PHPL2 == 0     -1.34e+00   3.21e-01   -4.17   <0.001 ***
PHTF - PHTFPL1 == 0 -2.22e-16   5.24e-01    0.00   1.0000    
PHTF - PHTFPL2 == 0 -7.20e-01   4.67e-01   -1.54   0.4464    
PH - PHTFPL2 == 0    6.58e-01   3.69e-01    1.78   0.3018

#OBSERVED AND PREDICTED

observed=as.data.frame(observed)
obs.fly=observed[,1]
obs.of=observed[,2]
obs.con=observed[,3]

predict.fly=predictmeans(model.exp5.fly,"trt",adj="tukey", plot=F)[[6]]
predict.fly=predict.fly[[2]]*100

predict.of=predictmeans(model.exp5.of,"trt",adj="tukey", plot=F)[[6]]
predict.of=predict.of[[2]]*100

predict.con=predictmeans(model.exp5.con,"trt",adj="tukey", plot=F)[[6]]
predict.con=predict.con[[2]]*100

table=cbind(obs.fly,predict.fly,obs.of,predict.of,obs.con,predict.con)
colnames(table)=c("FLY.O", "FLY.P", "OF.O","OF.P", "CON.O","CON.P") 

rownames(table)=levels(exp5$trt)
table

	
	FLY.O
	FLY.P
	OF.O
	OF.P
	CON.O
	CON.P

	PH
	80.7
	80.7
	42
	42
	28.41
	28.41

	PHTF
	69.3
	69.3
	35.2
	35.2
	9.09
	9.09

	PHTFPL1
	71.6
	71.6
	33
	33
	9.09
	9.09

	PHTFPL2
	75
	75
	46.6
	46.6
	17.05
	17.05

	PHPL1
	95.5
	95.5
	65.9
	65.9
	51.14
	51.14

	PHPL2
	93.2
	93.2
	79.5
	79.5
	60.23
	60.23



#ANALYSIS OF TIMES


#Next we will analyze the time (in seconds) it took insects to start flying, orienting or contacting with the odor source

#BOXPLOTS. To visualize the data
par(mfrow=c(3,1), lwd=1)
boxplot(fly.t~trt, data=exp5)
boxplot(of.t~trt, data=exp5)
boxplot(con.t~trt, data=exp5)
[image: ]

#Check normality of data
with(exp5, tapply(fly.t, trt, shapiro.test))#normality of "fly" for each "trt" level
#Almost all p-values are significant, which indicates that the data are not normally distributed
#Try transforming the data
with(exp5, tapply(log(fly.t+1), trt, shapiro.test))#Normality is barely restored for most treatments so we will perform a glm test

#MODELING

model.exp5.fly.t=glm(fly.t~trt,data=exp5)
model.exp5.of.t=glm(of.t~trt,data=exp5) 
model.exp5.con.t=glm(con.t~trt,data=exp5)

anova(model.exp5.fly.t, test="F")
     Df Deviance Resid. Df Resid. Dev    F Pr(>F)   
NULL                   426     217156               
trt   5     7684       421     209472 3.09 0.0095 **
anova(model.exp5.of.t, test="F")
     Df Deviance Resid. Df Resid. Dev    F Pr(>F)  
NULL                   265     136340              
trt   5     7542       260     128798 3.04  0.011 *
anova(model.exp5.con.t, test="F")
     Df Deviance Resid. Df Resid. Dev    F Pr(>F)  
NULL                   153      86521              
trt   5     6508       148      80013 2.41  0.039 *

#The times to respond are affected by treatment. Compare means

mcp.fly=glht(model.exp5.fly.t,linfct=mcp(trt=c("PH-PHTF=0","PH-PHPL1=0","PH-PHPL2=0","PHTF-PHTFPL1=0","PHTF-PHTFPL2=0")))
summary(mcp.fly)
                    Estimate Std. Error z value Pr(>|z|)  
PH - PHTF == 0        -0.112      3.894   -0.03    1.000  
PH - PHPL1 == 0        6.139      3.596    1.71    0.313  
PH - PHPL2 == 0        9.477      3.616    2.62    0.039 *
PHTF - PHTFPL1 == 0    2.155      4.007    0.54    0.977  
PHTF - PHTFPL2 == 0   10.636      3.962    2.68    0.032* mcp.of=glht(model.exp5.of.t,linfct=mcp(trt=c("PH-PHTF=0","PH-PHPL1=0","PH-PHPL2=0","PHTF-PHTFPL1=0","PHTF-PHTFPL2=0")))
summary(mcp.of)
                   Estimate Std. Error z value Pr(>|z|)  
PH - PHTF == 0         10.27       5.42    1.90    0.215  
PH - PHPL1 == 0         1.67       4.68    0.36    0.996  
PH - PHPL2 == 0        10.40       4.52    2.30    0.088 .
PHTF - PHTFPL1 == 0   -12.07       5.75   -2.10    0.140  
PHTF - PHTFPL2 == 0     1.65       5.30    0.31    0.998 mcp.con=glht(model.exp5.con.t,linfct=mcp(trt=c("PH-PHTF=0","PH-PHPL1=0","PH-PHPL2=0","PHTF-PHTFPL1=0","PHTF-PHTFPL2=0")))
summary(mcp.con)
                    Estimate Std. Error z value Pr(>|z|)   
PH - PHTF == 0         17.29       9.44    1.83   0.2395   
PH - PHPL1 == 0        10.27       5.80    1.77   0.2679   
PH - PHPL2 == 0        18.41       5.64    3.26   0.0048 **
PHTF - PHTFPL1 == 0   -10.88      11.63   -0.94   0.8051   
PHTF - PHTFPL2 == 0    -2.39      10.18   -0.23   0.9993   
#OBSERVED AND PREDICTED

times=describeBy(exp5[,c("fly.t","of.t","con.t")], exp5$trt)
times=do.call("rbind",times)
observed=times[,c("mean","se")]

obs.fly.mean=observed[c(1,4,7,10,13,16),1]
obs.fly.se=observed[c(1,4,7,10,13,16),2]
obs.of.mean=observed[c(2,5,8,11,14,17),1]
obs.of.se=observed[c(2,5,8,11,14,17),2]
obs.con.mean=observed[c(3,6,9,12,15,18),1]
obs.con.se=observed[c(3,6,9,12,15,18),2]

pred.fly.mean=predictmeans(model.exp5.fly.t,"trt",adj="tukey", plot=F)[[6]]
pred.fly.mean=pred.fly.mean[[2]]
pred.fly.se=as.data.frame(predictmeans(model.exp5.fly.t,"trt",adj="tukey", plot=F)[[2]])
pred.fly.se=pred.fly.se[[2]]

pred.of.mean=predictmeans(model.exp5.of.t,"trt",adj="tukey", plot=F)[[6]]
pred.of.mean=pred.of.mean[[2]]
pred.of.se=as.data.frame(predictmeans(model.exp5.of.t,"trt",adj="tukey", plot=F)[[2]])
pred.of.se=pred.of.se[[2]]

pred.con.mean=predictmeans(model.exp5.con.t,"trt",adj="tukey", plot=F)[[6]]
pred.con.mean=pred.con.mean[[2]]
pred.con.se=as.data.frame(predictmeans(model.exp5.con.t,"trt",adj="tukey", plot=F)[[2]])
pred.con.se=pred.con.se[[2]]

table.t=cbind(obs.fly.mean, obs.fly.se, pred.fly.mean, pred.fly.se, obs.of.mean, obs.of.se, pred.of.mean, pred.of.se, obs.con.mean, obs.con.se, pred.con.mean, pred.con.se)
colnames(table.t)=c("F.O.M", "F.O.SE","F.P.M", "F.P.SE", "OF.O.M","OF.O.SE","OF.P.M", "OF.P.SE", "C.O.M","C.O.SE", "C.P.M", "C.P.SE")
rownames(table.t)=levels(exp5$trt)
table.t

	
	F.O.M
	F.O.SE
	F.P.M
	F.P.SE
	OF.O.M
	OF.O.SE
	OF.P.M
	OF.P.SE
	C.O.M
	C.O.SE
	C.P.M
	C.P.SE

	PH
	20.28
	3.17
	20.28
	2.65
	28.8
	4.23
	28.8
	3.66
	43.2
	6.38
	43.2
	4.65

	PHTF
	20.39
	3.81
	20.39
	2.86
	18.5
	2.82
	18.5
	4
	25.9
	5.02
	25.9
	8.22

	PHTFPL1
	18.24
	3.25
	18.24
	2.81
	30.6
	6.03
	30.6
	4.13
	36.8
	6.39
	36.8
	8.22

	PHTFPL2
	9.76
	1.24
	9.76
	2.75
	16.8
	2.37
	16.8
	3.48
	28.3
	5.68
	28.3
	6

	PHPL1
	14.14
	2.16
	14.14
	2.43
	27.1
	3.45
	27.1
	2.92
	32.9
	3.99
	32.9
	3.47

	PHPL2
	10.8
	1.98
	10.8
	2.46
	18.4
	2.01
	18.4
	2.66
	24.8
	2.22
	24.8
	3.19




#PERCENT and TIMES PLOT

table=as.data.frame(table)
table.t=as.data.frame(table.t)

par(mfrow=c(2,2), mar=c(2,7,1,1), xpd=T, oma=rep(5,4))

#PERCENT PLOT

#FLY PLOT
par(lwd=2)
fly.plot=barplot(table[[2]],beside=T, axes=F, col=c("lightgrey",rep("white",5)), ylim=c(0,100),axisnames=F,ylab="Percent take flight",cex.lab=1.5)
axis(2,at=seq(0,100,by=25), cex.axis=1.3, lwd=2)
text(fly.plot,table[[2]]+9,labels=c("ab","b","b","b","a","a"), cex=1.5)


#OF PLOT
par(lwd=2)
of.plot=barplot(table[[4]],beside=T, axes=F, col=c("lightgrey",rep("white",5)), ylim=c(0,100),axisnames=F,ylab="Percent orient",cex.lab=1.5)
axis(2,at=seq(0,100,by=25), cex.axis=1.3, lwd=2)
text(of.plot,table[[4]]+9,labels=c("c","c","c","bc","ab","a"), cex=1.5)

#CONTACT PLOT
par(lwd=2)
contact.plot=barplot(table[[6]],beside=T, col=c("lightgrey",rep("white",5)), axes=F, ylim=c(0,100),axisnames=F, ylab="Percent contact", cex.lab=1.5)
axis(2,at=seq(0,100,by=25), cex.axis=1.3, lwd=2)
text(contact.plot,table[[6]]+9,labels=c("b","c","c","bc","a","a"), cex=1.5)

#X axis

axis(1, at=contact.plot, line=0,labels=rep("0.1",6), cex.axis=1.3, col=0, tck=0)
axis(1, at=contact.plot, line=1.25,labels=c("","10","10","10","",""), cex.axis=1.3, col=0, tck=0)
axis(1, at=contact.plot, line=2.5,labels=c("","","10","100","10","100"), cex.axis=1.3, col=0, tck=0)
axis(1, at=-1.8, line=0, labels="Pherom. (µg)", cex.axis=1.3, col=0, tck=0, adj=0)
axis(1, at=-1.6, line=1.25, labels="TFMK (µg)", cex.axis=1.3, col=0, tck=0)
axis(1, at=-1.6, line=2.5, labels="Plant (µg)", cex.axis=1.3, col=0, tck=0)

#TIME

timeplot=plot(table.t[[3]], type="l", ylim=c(0,60), axes=F, ylab="Seconds (mean ± SEM)",cex.lab=1.5)
axis(1, at=c(1:6), lwd=2, lab=F, pos=0)
axis(2,at=seq(0,60,by=10),cex.axis=1.3, lwd=2)
lines(table.t[[7]],lty=2, col="darkgrey")
lines(table.t[[11]],lty=3)
text (c(4,6.2,6.2),c(5,10,24),labels="*",cex=2)  

segments(1, table.t[1,3]-table.t[1,4],1,table.t[1,3]+table.t[1,4])
segments(1, table.t[1,7]-table.t[1,8],1,table.t[1,7]+table.t[1,8], col="darkgrey")
segments(1, table.t[1,11]-table.t[1,12],1,table.t[1,11]+table.t[1,12])
segments(2, table.t[2,3]-table.t[2,4],2,table.t[2,3]+table.t[2,4])
segments(2, table.t[2,7]-table.t[2,8],2,table.t[2,7]+table.t[2,8], col="darkgrey")
segments(2, table.t[2,11]-table.t[2,12],2,table.t[2,11]+table.t[2,12])
segments(3, table.t[3,3]-table.t[3,4],3,table.t[3,3]+table.t[3,4])
segments(3, table.t[3,7]-table.t[3,8],3,table.t[3,7]+table.t[3,8],col="darkgrey")
segments(3, table.t[3,11]-table.t[3,12],3,table.t[3,11]+table.t[3,12])
segments(4, table.t[4,3]-table.t[4,4],4,table.t[4,3]+table.t[4,4])
segments(4, table.t[4,7]-table.t[4,8],4,table.t[4,7]+table.t[4,8],col="darkgrey")
segments(4, table.t[4,11]-table.t[4,12],4,table.t[4,11]+table.t[4,12])
segments(5, table.t[5,3]-table.t[5,4],5,table.t[5,3]+table.t[5,4])
segments(5, table.t[5,7]-table.t[5,8],5,table.t[5,7]+table.t[5,8],col="darkgrey")
segments(5, table.t[5,11]-table.t[5,12],5,table.t[5,11]+table.t[5,12])
segments(6, table.t[6,3]-table.t[6,4],6,table.t[6,3]+table.t[6,4])
segments(6, table.t[6,7]-table.t[6,8],6,table.t[6,7]+table.t[6,8],col="darkgrey")
segments(6, table.t[6,11]-table.t[6,12],6,table.t[6,11]+table.t[6,12])


axis(1, at=c(1:6), line=0,labels=rep("0.1",6), cex.axis=1.3, col=0, tck=0)
axis(1, at=c(1:6), line=1.25,labels=c("","10","10","10","",""), cex.axis=1.3, col=0, tck=0)
axis(1, at=c(1:6), line=2.5,labels=c("","","10","100","10","100"), cex.axis=1.3, col=0, tck=0)
legend("topright",c("Take flight","Oriented flight","Contact"),cex=1.2,lty=1:3,bty="n", col=c("black","darkgrey","black"))
[image: ]
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