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## install packages if you dont already have them in your library
if ("devtools" %in% rownames(installed.packages()) == 'FALSE') install.packages('devtools')
if ("segmented" %in% rownames(installed.packages()) == 'FALSE') install.packages('segmented')
if ("plotrix" %in% rownames(installed.packages()) == 'FALSE') install.packages('plotrix')
if ("gridExtra" %in% rownames(installed.packages()) == 'FALSE') install.packages('gridExtra')
if ("LoLinR" %in% rownames(installed.packages()) == 'FALSE') install_github('colin-olito/LoLinR')
if ("lubridate" %in% rownames(installed.packages()) == 'FALSE') install.packages('lubridate')
if ("chron" %in% rownames(installed.packages()) == 'FALSE') install.packages('chron')
if ("plyr" %in% rownames(installed.packages()) == 'FALSE') install.packages('plyr')
if ("dplyr" %in% rownames(installed.packages()) == 'FALSE') install.packages('dplyr')
if ("phytotools" %in% rownames(installed.packages()) == 'FALSE') install.packages('phytotools')
if ("tidyverse" %in% rownames(installed.packages()) == 'FALSE') install.packages('tidyverse')
if ("broom" %in% rownames(installed.packages()) == 'FALSE') install.packages('broom')

#Read in required libraries

library("devtools")
library("ggplot2")
library("segmented")
library("plotrix")
library("gridExtra")
library("LoLinR")
library("lubridate")
library("chron")
library('plyr')
library('dplyr')
library('phytotools')
library("tidyverse")
library("broom")

Import data

Data <- read.csv(file = 'output/1_pi_curve_rates.csv')
#Data <- Data[1:40,]
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Define data

#PAR <- as.numeric(Data$Light_Value)
#Pc <- as.numeric(Data$micromol.cm2.h)
#plot(PAR,Pc,xlab="", ylab="", xlim=c(0,max(PAR)), ylim=c(-2, 2), cex.lab=0.8,cex.axis=0.8,cex=1, main="", adj = 0.05) #set plot info
#mtext(expression("Irradiance ("*mu*"mol photons "*m^-2*s^-1*")"),side=1,line=3.3,cex=1) #add labels
#mtext(expression(Rate*" ("*mu*"mol "*O[2]*" "*cm^-2*h^-1*")"),side=2,line=2,cex=1) #add labels

Define PI curve function as a nonlinear Least Squares regression of
a quadratic fit, test nls fit

#Aquatic Photosynthesis, Falkowski
#Pmax = max photosynthesis (AKA Am from Bayesian script)
#alpha = quantum yeild (AKA AQY from Bayesian script)
#I/E = irradiance (AKA PAR from Bayesian script)
#Rd = dark respiration

#df <- data.frame(PAR, Pc)
#curve.nls <- nls(Pc ~ (Am*((AQY*PAR)/(sqrt(Am^2 + (AQY*PAR)^2)))-Rd), data=df, start=list(Am=1, AQY=0.05, Rd=.2))
#my.fit <- summary(curve.nls)
#my.fit

Run models - NOTE: Need to look at starting values, the starts make a difference in the outcome right?
#specify data
Data$PAR <- as.numeric(Data$Light_Value)
Data$Pc <- as.numeric(Data$micromol.cm2.h)

#use tidy to group by colony, then map data using nls curve and pull out coeffients to generate a new data frame

#Script version 1
#nls_data <- Data %>%

#filter(colony_id==c("ACR-140"))%>%
#group_by(colony_id) %>% #group by colony
#nest(-colony_id) %>% #nest data by colony
#mutate(
# fit = map(data, ~ nls(Pc ~ (Am*((AQY*PAR)/(sqrt(Am^2 + (AQY*PAR)^2)))-Rd), data=.)), #fit nls curve

# tidied = map(fit, tidy), #pull out coefficients from model
# ) %>%
# unnest(tidied) %>% #unnest data
# select(colony_id, term, estimate) %>% #keep columns we want
# spread(term, estimate) #spread columns by coefficient for each colony

#Script version 2 - adjusted starting values to reflect values we are getting from models on single colony (when filtering)
nls_data <- Data %>%

#filter(colony_id==c("ACR-140"))%>%
group_by(colony_id) %>%
nest(-colony_id) %>%
mutate(model1 = map(data, ~

nls(Pc ~ (Am*((AQY*PAR)/(sqrt(Am^2 + (AQY*PAR)^2)))-Rd), data=., start=list(Am=0.7, AQY=0.001, Rd=.4)) %>%
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tidy %>%
dplyr::select(term, estimate) %>%
spread(term, estimate))) %>%

unnest(model1) %>%
unnest(data) %>%
group_by(colony_id)%>%
summarise(Am=mean(Am), AQY=mean(AQY), Rd=mean(Rd))%>%
mutate(timepoint="timepoint1")%>%
write_csv(., "output/1_pi_curve_pars_NLS.csv")

Plot curve over data points.
augmented <- Data %>%

nest(-colony_id) %>%
mutate(

fit = map(data, ~ nls(Pc ~ (Am*((AQY*PAR)/(sqrt(Am^2 + (AQY*PAR)^2)))-Rd), data=., start=list(Am=0.7, AQY=0.001, Rd=.4))),
augmented = map(fit, augment),

) %>%
unnest(augmented)

#all colonies together
augmented %>%

group_by(colony_id)%>%
qplot(PAR, Pc, data = ., geom = 'point', colour = colony_id) +
geom_line(aes(y=.fitted))+
theme(legend.position="none")
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#view individual plots
by(augmented,augmented$colony_id, function(i) {

ggplot(i) +
geom_point(aes(PAR, Pc, group=colony_id)) +
geom_line(aes(y=.fitted, x=PAR)) +
theme_classic()+
labs(x = expression(paste('PAR (', mu, "mol photons m"^-2, 's'^-1,")")),

y = expression(paste('Photosynthetic rate (', mu, "mol cm"^-2, 'h'^-1,")")),
title = paste0("1_", augmented$colony_id))

})

## augmented$colony_id: ACR-139
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## ------------------------------------------------------------
## augmented$colony_id: ACR-140
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## ------------------------------------------------------------
## augmented$colony_id: ACR-145

5



−0.2

0.0

0.2

0.4

0 200 400 600 800

PAR (µmol photons m−2s−1)

P
ho

to
sy

nt
he

tic
 r

at
e 

(µ
m

ol
 c

m
−2

h−1
)

1_ACR−139

## ------------------------------------------------------------
## augmented$colony_id: ACR-150
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## ------------------------------------------------------------
## augmented$colony_id: ACR-165
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## ------------------------------------------------------------
## augmented$colony_id: ACR-173
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## ------------------------------------------------------------
## augmented$colony_id: ACR-175
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## ------------------------------------------------------------
## augmented$colony_id: ACR-176
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## ------------------------------------------------------------
## augmented$colony_id: ACR-180
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## ------------------------------------------------------------
## augmented$colony_id: ACR-185
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## ------------------------------------------------------------
## augmented$colony_id: ACR-186
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## ------------------------------------------------------------
## augmented$colony_id: ACR-187
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## ------------------------------------------------------------
## augmented$colony_id: ACR-190
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## ------------------------------------------------------------
## augmented$colony_id: ACR-193
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## ------------------------------------------------------------
## augmented$colony_id: ACR-225
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## ------------------------------------------------------------
## augmented$colony_id: ACR-228
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## ------------------------------------------------------------
## augmented$colony_id: ACR-229
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## ------------------------------------------------------------
## augmented$colony_id: ACR-231
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## ------------------------------------------------------------
## augmented$colony_id: ACR-234
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## ------------------------------------------------------------
## augmented$colony_id: ACR-237
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## ------------------------------------------------------------
## augmented$colony_id: ACR-243
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## ------------------------------------------------------------
## augmented$colony_id: ACR-244
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## ------------------------------------------------------------
## augmented$colony_id: ACR-246
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## ------------------------------------------------------------
## augmented$colony_id: ACR-247
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## ------------------------------------------------------------
## augmented$colony_id: ACR-256
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## ------------------------------------------------------------
## augmented$colony_id: ACR-258

28



−0.75

−0.50

−0.25

0.00

0.25

0 200 400 600

PAR (µmol photons m−2s−1)

P
ho

to
sy

nt
he

tic
 r

at
e 

(µ
m

ol
 c

m
−2

h−1
)

1_ACR−139

## ------------------------------------------------------------
## augmented$colony_id: ACR-265
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## ------------------------------------------------------------
## augmented$colony_id: ACR-267
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## ------------------------------------------------------------
## augmented$colony_id: ACR-343
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## ------------------------------------------------------------
## augmented$colony_id: ACR-345
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## ------------------------------------------------------------
## augmented$colony_id: ACR-350
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## ------------------------------------------------------------
## augmented$colony_id: ACR-351
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## ------------------------------------------------------------
## augmented$colony_id: ACR-363
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## ------------------------------------------------------------
## augmented$colony_id: ACR-364
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## ------------------------------------------------------------
## augmented$colony_id: ACR-368
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## ------------------------------------------------------------
## augmented$colony_id: ACR-374
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## ------------------------------------------------------------
## augmented$colony_id: ACR-379
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## ------------------------------------------------------------
## augmented$colony_id: ACR-389
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## ------------------------------------------------------------
## augmented$colony_id: ACR-390
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## ------------------------------------------------------------
## augmented$colony_id: ACR-393
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## ------------------------------------------------------------
## augmented$colony_id: ACR-396
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## ------------------------------------------------------------
## augmented$colony_id: ACR-51
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## ------------------------------------------------------------
## augmented$colony_id: POC-200
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## ------------------------------------------------------------
## augmented$colony_id: POC-201
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## ------------------------------------------------------------
## augmented$colony_id: POC-205
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## ------------------------------------------------------------
## augmented$colony_id: POC-207
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## augmented$colony_id: POC-217

49



−0.50

−0.25

0.00

0.25

0.50

0 200 400 600

PAR (µmol photons m−2s−1)

P
ho

to
sy

nt
he

tic
 r

at
e 

(µ
m

ol
 c

m
−2

h−1
)

1_ACR−139

## ------------------------------------------------------------
## augmented$colony_id: POC-219
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## augmented$colony_id: POC-222
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## ------------------------------------------------------------
## augmented$colony_id: POC-238
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## ------------------------------------------------------------
## augmented$colony_id: POC-239
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## ------------------------------------------------------------
## augmented$colony_id: POC-248
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## ------------------------------------------------------------
## augmented$colony_id: POR-72
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## ------------------------------------------------------------
## augmented$colony_id: POR-73
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## ------------------------------------------------------------
## augmented$colony_id: POR-74

123



−1.0

−0.5

0.0

0.5

0 200 400 600 800

PAR (µmol photons m−2s−1)

P
ho

to
sy

nt
he

tic
 r

at
e 

(µ
m

ol
 c

m
−2

h−1
)

1_ACR−139

## ------------------------------------------------------------
## augmented$colony_id: POR-75
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## ------------------------------------------------------------
## augmented$colony_id: POR-76
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## ------------------------------------------------------------
## augmented$colony_id: POR-77
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## ------------------------------------------------------------
## augmented$colony_id: POR-78
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## ------------------------------------------------------------
## augmented$colony_id: POR-79
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## ------------------------------------------------------------
## augmented$colony_id: POR-80
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## ------------------------------------------------------------
## augmented$colony_id: POR-81
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## ------------------------------------------------------------
## augmented$colony_id: POR-82
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## ------------------------------------------------------------
## augmented$colony_id: POR-83
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#NEED TO FIND A WAY TO SAVE INDIVIDUALS
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