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APPENDIX 3. R code used for this study.
# "Outline analysis as a new method for investigating ontogeny in fossil crabs"
# REVISION 1

# R CODE APPENDIX 

library(ggplot2)
library(RColorBrewer)
library(devtools)
library(Momocs)
library(caret)
library(MASS)

set.seed(1234)


### CMAENAS --------------------------------------------------------------------

## MOMOCS EFA 

# Shapes must be black outline on white background, saved as jpeg, all in one 
# folder in the project directory
lf <- list.files("DIRECTORY", 
                 full.names = TRUE)
#lists all files in the referenced folder for import
coo <- import_jpg(lf, auto.notcentered = TRUE, fun.notcentered = NULL, 
                  threshold = 0.8) 
# imports all jpegs from the folder as a momocs object, threshhold defines
# the cut off for black vs. white pixels
df <- data.frame(dev = as.factor(carcinus$`developmental status`))
# Create data frame with all categorizing vectors (grouping variables), they
# must be factors to work
cmaenas <- Out(coo, fac = df)
# Creates coo object for further analysis
panel(cmaenas, fac = "dev", col = c("white", "light grey", "black"), 
      names = TRUE, cex.names = 0.5)
# Look at the shapes
cmaenas <- coo_center(cmaenas)
# Centers all the shapes
cmaenas <- coo_scale(cmaenas)
# Scales all the shapes
stack(cmaenas, first.point = TRUE)
# Check if first point is homolgous across shapes
#  (coo_slidedirection(cardiv, "right") %>% coo_untiltx)
# alternative method to make starting point homologous
calibrate_harmonicpower_efourier(cmaenas, id=1:57, 100, drop = 1, 
                                 thresh = c(95, 99, 99.9))
calibrate_deviations_efourier(cmaenas, range = c(9, 24, 48, 99), 
                              norm.centsize = TRUE, dist.method = edm_nearest, 
                              interpolate.factor = 1, dist.nbpts = 60)
# Quantitative calibration of how many harmonics to use
cmaenas.e <- efourier(cmaenas, nb.h = 9, norm = FALSE)
# performs elliptic fourier transformation on the shapes, nb.h defines number
# of harmonics
boxplot(cmaenas.e, drop = 1)
# Amplitude of fitted coefficients
cmaenas.pca <- PCA(cmaenas.e)
# performs PCA on elliptic Fourier desccriptors
scree(cmaenas.pca)
# proportions of dimensions
cmaenas.scores <- cmaenas.pca %>% as_df(3)
# output of PCA as data frame, use as many PCs such that 99% of variation in the PCA 
# are retained
PCcontrib(cmaenas.pca, nax = c(1:3))
# graphical component loadings of all dimensions
plot(cmaenas.pca, fac = "dev", col = c("orange", "cyan", "purple"), 
     fill = c("orange", "cyan", "purple"))

plot_PCA(cmaenas.pca, ~ dev, axes = c(1, 2))

ggplot(cmaenas.scores, aes(x = PC1, y = PC2, color = dev)) + 
  geom_point() +
  scale_color_manual(values = c("orange", "cyan", "purple")) +
  stat_ellipse(geom = 'polygon', alpha = .1, aes(fill = dev)) + 
  scale_fill_manual(values = c("orange", "cyan", "purple")) +
  coord_fixed (ratio = 1, xlim = NULL, ylim = NULL, expand = TRUE) +
  theme_gray()

ggplot(cmaenas.scores, aes(x = PC1, y = PC2, color = dev)) + 
  geom_point() +
  scale_color_manual(values = c("orange", "cyan", "purple")) +
  coord_fixed (ratio = 1, xlim = NULL, ylim = NULL, expand = TRUE) +
  theme_gray()

## DFA

ggplot(cmaenas.scores, aes(x = PC1, y = PC2, col = dev)) + 
  geom_point() +
  stat_ellipse()

moms.qda.c <- data.frame()
for (i in c(1:1000)){
  #1000 iterations in Evin et al. 2013 pip shape
  cmaenas.qda <- subset(cmaenas.scores)
  training.samples <- cmaenas.qda$dev %>% 
    createDataPartition(p = 0.8, list = FALSE)
  train.data <- cmaenas.qda[training.samples, ]
  test.data <- cmaenas.qda[-training.samples, ]
  #Create training data set as 80% of original data set and test data at 20%
  preproc.param <- train.data %>% 
    preProcess(method = c("center", "scale"))
  train.transformed <- preproc.param %>% predict(train.data)
  test.transformed <- preproc.param %>% predict(test.data)
  #Normalize the data
  fit <- lda(dev ~ ., data = train.transformed)
  # Fit the model
  predictions <- fit %>% predict(test.transformed)
  # Make predictions for testing data set
  moms.qda.c[i, 1] <- mean(predictions$class == test.transformed$dev)
  # State model accuracy a.k.a. how accurate did the model predict group 
  # affiliation
}
summary(moms.qda.c)

ggplot() +
  geom_boxplot(data = moms.qda.c, aes(y = V1), size = 2) +
  labs(y = "accuracy [%]", 
       x = "QDA (Momocs data)") +
  theme_bw(base_size = 50)
# Plot data using ggplot


test.qda.c <- data.frame()
for (i in c(1:1000)){
  cmaenas.qda <- subset(cmaenas.scores)
  cmaenas.qda$dev <- sample(cmaenas.scores$dev, 57, replace = FALSE)
  training.samples <- cmaenas.qda$dev %>% 
    createDataPartition(p = 0.8, list = FALSE)
  train.data <- cmaenas.qda[training.samples, ]
  test.data <- cmaenas.qda[-training.samples, ]
  preproc.param <- train.data %>% 
    preProcess(method = c("center", "scale"))
  train.transformed <- preproc.param %>% predict(train.data)
  test.transformed <- preproc.param %>% predict(test.data)
  fit <- qda(dev ~ ., data = train.transformed)
  predictions <- fit %>% predict(test.transformed)
  test.qda.c[i, 1] <- mean(predictions$class == test.transformed$dev)
}
summary(test.qda.c)

ggplot() +
  geom_boxplot(data = test.qda.c, aes(y = V1), size = 2) +
  labs(y = "accuracy [%]", 
       x = "QDA (Momocs data)") +
  theme_bw(base_size = 50)

### LIOCARCINUS ----------------------------------------------------------------

## MOMOCS EFA 

lf <- list.files("DIRECTORY", 
                 full.names = TRUE)
coo <- import_jpg(lf, auto.notcentered = TRUE, fun.notcentered = NULL, 
                  threshold = 0.8) 
df <- data.frame(spec = as.factor(liocarcinus$species),
                 devc = as.factor(liocarcinus$dev_clean),
                 dev = as.factor(liocarcinus$developmental),
                 stat = as.factor(liocarcinus$scale))
lio <- Out(coo, fac = df)
panel(lio, fac = "devc", col = c("white", "light grey", "black"), 
      names = TRUE, cex.names = 0.5)
lio <- coo_center(lio)
lio <- coo_scale(lio)
stack(lio, first.point = TRUE)
calibrate_harmonicpower_efourier(lio, id=1:39, 100, drop = 1, 
                                 thresh = c(95, 99, 99.9))
calibrate_deviations_efourier(lio, range = c(11, 26, 49, 99), 
                              norm.centsize = TRUE, dist.method = edm_nearest, 
                              interpolate.factor = 1, dist.nbpts = 60)
lio.e <- efourier(lio, nb.h = 11, norm = FALSE)
boxplot(lio.e, drop = 1)
lio.pca <- PCA(lio.e)
scree(lio.pca, nax = c(1:15))
lio.scores <- lio.pca %>% as_df(7)
PCcontrib(lio.pca, nax = c(1:7))
plot(lio.pca, fac = "devc", col = c("orange", "cyan", "purple"), 
     fill = c("orange", "cyan", "purple"))

plot_PCA(lio.pca, ~ devc, axes = c(1, 2))

ggplot(lio.scores, aes(x = PC1, y = PC2, color = devc)) + 
  geom_point() +
  scale_color_manual(values = c("orange", "cyan", "purple")) +
  stat_ellipse(geom = 'polygon', alpha = .1, aes(fill = devc)) + 
  scale_fill_manual(values = c("orange", "cyan", "purple")) +
  coord_fixed (ratio = 1, xlim = NULL, ylim = NULL, expand = TRUE) +
  theme_gray()

ggplot(lio.scores, aes(x = PC1, y = PC2, color = dev, pch = stat)) + 
  geom_point() +
  scale_color_manual(values = c("orange", "cyan", "purple", "red", "pink")) +
  coord_fixed (ratio = 1, xlim = NULL, ylim = NULL, expand = TRUE) +
  theme_gray()

ggplot(lio.scores, aes(x = PC1, y = PC2, color = spec, pch = devc)) + 
  geom_point() +
  scale_color_manual(values = c("grey", "grey", "grey", "grey", "grey", "grey", "grey", "grey", "grey", "purple", "grey", "grey", "grey", "grey")) +
  coord_fixed (ratio = 1, xlim = NULL, ylim = NULL, expand = TRUE) +
  theme_gray()

## DFA

#For here, just check as what the fossil gets classified, so manually do 
#training and testing data set

ggplot(lio.scores, aes(x = devc, y = PC1)) + 
  geom_boxplot()

ggplot(lio.scores, aes(x = PC1, y = PC2, col = devc)) + 
  geom_point() +
  stat_ellipse()


lio.qda <- subset(lio.scores, select = -c(dev, stat))
train.data <- subset(lio.qda, subset = spec != "oligocenicus")
test.data <- subset(lio.qda, subset = spec == "oligocenicus")
train.data$spec <- NULL
test.data$spec <- NULL
preproc.param <- train.data %>% 
  preProcess(method = c("center", "scale"))
train.transformed <- preproc.param %>% predict(train.data)
test.transformed <- preproc.param %>% predict(test.data)
fit <- lda(devc ~ ., data = train.transformed)
predictions <- fit %>% predict(test.transformed)
predictions$class




test.qda.l <- data.frame()
for (i in c(1:1000)){
  lio.qda <- subset(lio.scores, select = -c(spec, dev, stat))
  lio.qda$devc <- sample(lio.qda$devc, 39, replace = FALSE)
  training.samples <- lio.qda$devc %>% 
    createDataPartition(p = 0.8, list = FALSE)
  train.data <- lio.qda[training.samples, ]
  test.data <- lio.qda[-training.samples, ]
  preproc.param <- train.data %>% 
    preProcess(method = c("center", "scale"))
  train.transformed <- preproc.param %>% predict(train.data)
  test.transformed <- preproc.param %>% predict(test.data)
  fit <- lda(devc ~ ., data = train.transformed)
  predictions <- fit %>% predict(test.transformed)
  test.qda.l[i, 1] <- mean(predictions$class == test.transformed$devc)
}
summary(test.qda.l)

ggplot() +
  geom_boxplot(data = test.qda.l, aes(y = V1), size = 2) +
  labs(y = "accuracy [%]", 
       x = "LDA (Momocs data)") +
  theme_bw(base_size = 50)

