Appendix 2: R scripts used in data processing and analysis

A2.1 Code to read-in and combine data from soil moisture loggers, then calculate monthly averages per plot and habitat.
	#code to import, read all soil logger data files
#then split date and time column into day year month columns
#combine all files
#calculate monthly averages
library(readr)
library(dplyr)
library(lubridate)
library(purrr)
library(readr)
# Set the path to your folder of CSV files
folder_path <- "C:/Documents/Research project/Tomst data csv Oct 19 - May 25"
# List all .csv files in that folder
files <- list.files(folder_path, pattern = "\\.csv$", full.names = TRUE)
# Function to read and process each CSV
process_file <- function(file_path) {
  read_csv(file_path, show_col_types = FALSE) %>%
    rename(
      DateTime = `date and time in UTC`,
      LoggerID = `Logger ID`,
      SoilMoisture = `soil moisture count`
    ) %>%
    mutate(
      DateTime = dmy_hm(DateTime),
      Date = as.Date(DateTime),
      Year = year(DateTime),
      Month = month(DateTime, label = TRUE, abbr = TRUE), #separate out date, month, year
      VolumetricMoisture = ((SoilMoisture - 1095) / 3253) * 100, #calculate volumetric moisture
      Location = substr(Plot, 1, 1), #separate plot code into location and treatment columns
      Treatment = substr(Plot, 2, 2)  
    )
}
# Read and combine all files
all_data <- map_dfr(files, process_file)
#create csv of combined data
write_csv(all_data, "combined_soil_moisture_data.csv")
#check new CSV
all.data.check <- read_csv("C:/Documents/Research project/combined_soil_moisture_data.csv")
head(all.data.check)
View(all.data.check)
#check all files made it in
n_distinct(all.data.check$LoggerID)
#monthly averages of soil volumetric moisture by plot
monthly_by_plot <- all_data %>%
  group_by(Plot, Year, Month) %>%
  summarise(
    MonthlyAvgVolMoisture = mean(VolumetricMoisture, na.rm = TRUE),
    .groups = "drop"
  )
#monthly averages of soil volumetric moisture by treatment
monthly_by_treatment <- all_data %>%
  group_by(Treatment, Year, Month) %>%
  summarise(
    MonthlyAvgVolMoisture = mean(VolumetricMoisture, na.rm = TRUE),
    .groups = "drop"
  )
#save as CSVs
write_csv(monthly_by_plot, "monthly_avg_by_plot.csv")
write_csv(monthly_by_treatment, "monthly_avg_by_treatment.csv")
 #check CSVs
monthly.plot.check <- read_csv("C:/Documents/Research project/monthly_avg_by_plot.csv")
monthly.treatment.check <- read_csv("C:/Documents/Research project/monthly_avg_by_treatment.csv")
View(monthly.plot.check)




A2.2 Code to calculate daily VWC per habitat and create plot
	# Load necessary libraries
library(readr)    # Faster reading of large CSVs
library(dplyr)    # For data wrangling
library(ggplot2)
library(lubridate)

# Read the full CSV
soil_data <- read_csv("soil moisture/soil_moisture_combined_clean.csv")

# View the first few rows
print(head(soil_data))

# Optional: check structure if needed
str(soil_data)

# Read data
soil_data <- read_csv("soil moisture/soil_moisture_combined_clean.csv")

# Filter out any remaining negative values
soil_data <- soil_data %>%
  filter(VolumetricMoisture >= 0)
#check it worked
sum(soil_data$VolumetricMoisture < 0, na.rm = TRUE)

# Convert DateTime and assign readable habitat labels
soil_data <- soil_data %>%
  mutate(
    Date = as.Date(DateTime),
    Habitat = case_when(
      Treatment == "A" ~ "Ash dominated girdled",
      Treatment == "B" ~ "Ash dominated",
      Treatment == "C" ~ "Non-ash dominated",
      TRUE ~ "Unknown"
    )
  )

# Calculate daily means
daily_soil <- soil_data %>%
  group_by(Date, Plot, Habitat) %>%
  summarise(daily_mean = mean(VolumetricMoisture, na.rm = TRUE), .groups = "drop")

# Create Year-Month column for grouping
daily_soil <- daily_soil %>%
  mutate(YearMonthDate = as.Date(paste0(year(Date), "-", month(Date), "-01")))

# Calculate monthly means and confidence intervals
monthly_stats <- daily_soil %>%
  group_by(YearMonthDate, Habitat) %>%
  summarise(
    monthly_mean = mean(daily_mean, na.rm = TRUE),
    monthly_se = sd(daily_mean, na.rm = TRUE) / sqrt(n()),
    .groups = "drop"
  ) %>%
  mutate(
    ci_lower = monthly_mean - 1.96 * monthly_se,
    ci_upper = monthly_mean + 1.96 * monthly_se
  )

# Main plot: daily lines + monthly CI ribbons + monthly trend lines

plot_CI <- ggplot() +
  # Daily means (faint individual plot lines)
  geom_line(
    data = daily_soil,
    aes(x = Date, y = daily_mean, group = Plot, color = Habitat),
    alpha = 0.2
  ) +
  
  # Confidence interval ribbons
  geom_ribbon(
    data = monthly_stats,
    aes(x = YearMonthDate, ymin = ci_lower, ymax = ci_upper, fill = Habitat),
    alpha = 0.3,
    inherit.aes = FALSE
  ) +
  
  # Monthly means (bold lines)
  geom_line(
    data = monthly_stats,
    aes(x = YearMonthDate, y = monthly_mean, color = Habitat),
    linewidth = 1.2
  ) +
  
  # Colorblind-friendly palette (Okabe & Ito)
  scale_color_manual(values = c(
    "Ash dominated" = "#E69F00",
    "Ash dominated girdled" = "#56B4E9",
    "Non-ash dominated" = "#009E73"
  )) +
  scale_fill_manual(values = c(
    "Ash dominated" = "#E69F00",
    "Ash dominated girdled" = "#56B4E9",
    "Non-ash dominated" = "#009E73"
  )) +
  
  #  x-axis formatting
  scale_x_date(date_labels = "%b-%Y", date_breaks = "1 month") +
  
  # Theme and text formatting
  theme_minimal() +
  theme(
    axis.text.x = element_text(angle = 90, vjust = 0.5, size = 8),   # keep month labels small
    axis.title = element_text(size = 18),                            # bigger axis labels
    legend.title = element_text(size = 16),                          # bigger legend title
    legend.text = element_text(size = 14),                           # bigger legend labels
    text = element_text(size = 14),                                  # overall text size
    plot.title = element_blank()                                     # remove title
  )

  
  #  Axis and legend labels
  labs(
    x = "Date",
    y = "Volumetric water content (VWC)",
    color = "Habitat",
    fill = "Habitat"
  )
ggsave(
  "soil moisture/soil_moisture_CI_plot_cleaned.png",
  plot = plot_CI,
  width = 16,
  height = 8,
  dpi = 600,
  bg = "white"
)
# add labels to the plot you already built
plot_CI <- plot_CI + labs(
  x = "Date",
  y = "Volumetric water content (VWC)",
  color = "Habitat",
  fill  = "Habitat"
)

ggsave(
  "soil moisture/soil_moisture_CI_plot_cleaned.png",
  plot = plot_CI, width = 16, height = 8, dpi = 600, bg = "white"
)



A2.3 Code to calculate mean,5th and 95th percentile VWC and generate one-year, five-year and seasonal summaries.
	# Soil Moisture Data Cleaning & Summaries (myClim-style)
# From cleaned logger data to final per-plot summaries
20/07/2025

# --- Load libraries ---
library(dplyr)
library(lubridate)

# --- Load cleaned soil moisture dataset ---
soil_clean <- read.csv("soil_moisture_combined_clean.csv")

# Ensure DateTime is properly parsed
soil_clean$DateTime <- ymd_hms(soil_clean$DateTime, tz = "UTC")

# --- Step 1: Drop any negative values (already removed, but double-check) ---
soil_clean <- soil_clean %>% filter(VolumetricMoisture >= 0)

# --- Step 2: Define a summary function (myClim-style metrics) ---
# 5th percentile (dry end), mean, 95th percentile (wet end), and SD
summarise_vwc <- function(data) {
  data %>%
    group_by(Plot) %>%
    summarise(
      VWC_5p = quantile(VolumetricMoisture, 0.05, na.rm = TRUE),
      VWC_mean = mean(VolumetricMoisture, na.rm = TRUE),
      VWC_95p = quantile(VolumetricMoisture, 0.95, na.rm = TRUE),
      VWC_sd = sd(VolumetricMoisture, na.rm = TRUE),
      .groups = "drop"
    )
}

# --- Step 3: Define seasonal summary function (Winter: Dec–Feb, Summer: Jun–Aug) ---
summarise_vwc_seasons <- function(data) {
  data %>%
    mutate(
      Season = case_when(
        month(DateTime) %in% c(12, 1, 2) ~ "Winter",
        month(DateTime) %in% c(6, 7, 8) ~ "Summer",
        TRUE ~ NA_character_
      )
    ) %>%
    filter(!is.na(Season)) %>%
    group_by(Plot, Season) %>%
    summarise(
      VWC_5p = quantile(VolumetricMoisture, 0.05, na.rm = TRUE),
      VWC_mean = mean(VolumetricMoisture, na.rm = TRUE),
      VWC_95p = quantile(VolumetricMoisture, 0.95, na.rm = TRUE),
      VWC_sd = sd(VolumetricMoisture, na.rm = TRUE),
      .groups = "drop"
    )
}

# --- Step 4: Generate summaries ---

## (A) One-year summary (May 2024–May 2025)
one_year <- soil_clean %>%
  filter(DateTime >= as.POSIXct("2024-05-01", tz = "UTC"),
         DateTime < as.POSIXct("2025-06-01", tz = "UTC")) %>%
  summarise_vwc()
write.csv(one_year, "soil_summary_one_year.csv", row.names = FALSE)

## (B) Five-year summary (all data)
five_years <- soil_clean %>%
  summarise_vwc()
write.csv(five_years, "soil_summary_five_years.csv", row.names = FALSE)

## (C) Seasonal summaries for one year (Winter & Summer)
one_year_seasons <- soil_clean %>%
  filter(DateTime >= as.POSIXct("2024-05-01", tz = "UTC"),
         DateTime < as.POSIXct("2025-06-01", tz = "UTC")) %>%
  summarise_vwc_seasons()
write.csv(one_year_seasons, "soil_summary_seasons_one_year.csv", row.names = FALSE)

## (D) Seasonal summaries for five years (Winter & Summer)
five_year_seasons <- soil_clean %>%
  summarise_vwc_seasons()
write.csv(five_year_seasons, "soil_summary_seasons_five_years.csv", row.names = FALSE)

# --- Completion message ---
cat("Soil moisture summaries created:\n",
    "- soil_summary_one_year.csv\n",
    "- soil_summary_five_years.csv\n",
    "- soil_summary_seasons_one_year.csv\n",
    "- soil_summary_seasons_five_years.csv\n")



A2.4 Code to summarise VWC by habitat, Kruskal-Wallis and Wilcoxon tests, and create plot.
	# Load required libraries
library(dplyr)
library(readr)

# Load the 5-year summary data
soil_summary <- read_csv("soil moisture/soil_summary_five_years.csv")

# Assign habitat based on last character of plot code
soil_summary <- soil_summary %>%
  mutate(Habitat = case_when(
    grepl("A$", Plot) ~ "Ash-dominated girdled",
    grepl("B$", Plot) ~ "Ash-dominated",
    grepl("C$", Plot) ~ "Non-ash dominated",
    TRUE ~ "Unknown"
  ))

# Summarize VWC metrics by habitat
summary_5yr <- soil_summary %>%
  group_by(Habitat) %>%
  summarise(
    VWC_5p_mean = mean(VWC_5p, na.rm = TRUE),
    VWC_5p_sd = sd(VWC_5p, na.rm = TRUE),
    VWC_mean_mean = mean(VWC_mean, na.rm = TRUE),
    VWC_mean_sd = sd(VWC_mean, na.rm = TRUE),
    VWC_95p_mean = mean(VWC_95p, na.rm = TRUE),
    VWC_95p_sd = sd(VWC_95p, na.rm = TRUE),
    VWC_sd_mean = mean(VWC_sd, na.rm = TRUE),
    VWC_sd_sd = sd(VWC_sd, na.rm = TRUE)
  )
#################
# Load the seasonal VWC data
soil_seasonal <- read_csv("soil moisture/soil_summary_seasons_five_years.csv")

# Assign habitat using the same method
soil_seasonal <- soil_seasonal %>%
  mutate(Habitat = case_when(
    grepl("A$", Plot) ~ "Ash-dominated girdled",
    grepl("B$", Plot) ~ "Ash-dominated",
    grepl("C$", Plot) ~ "Non-ash dominated",
    TRUE ~ "Unknown"
  ))

# Summarize by habitat and season
summary_seasonal <- soil_seasonal %>%
  group_by(Habitat, Season) %>%
  summarise(
    VWC_5p_mean = mean(VWC_5p, na.rm = TRUE),
    VWC_5p_sd = sd(VWC_5p, na.rm = TRUE),
    VWC_mean_mean = mean(VWC_mean, na.rm = TRUE),
    VWC_mean_sd = sd(VWC_mean, na.rm = TRUE),
    VWC_95p_mean = mean(VWC_95p, na.rm = TRUE),
    VWC_95p_sd = sd(VWC_95p, na.rm = TRUE),
    VWC_sd_mean = mean(VWC_sd, na.rm = TRUE),
    VWC_sd_sd = sd(VWC_sd, na.rm = TRUE),
    .groups = "drop"
  )
###############
# Export the 5-year summary
write_csv(summary_5yr, "summary_vwc_5yr_by_habitat.csv")

# Export the seasonal summary
write_csv(summary_seasonal, "summary_vwc_seasonal_by_habitat.csv")
#############
#plot 5 year mean by habitat
library(ggplot2)
ggplot(soil_summary, aes(x = Habitat, y = VWC_mean)) +
  geom_boxplot(fill = "skyblue") +
  labs(title = "5-Year Mean VWC by Habitat",
       y = "VWC Mean (%)",
       x = "Habitat Type") +
  theme_minimal()
#facet plot for all five year metrics
library(tidyr)

soil_summary_long <- soil_summary %>%
  pivot_longer(cols = starts_with("VWC"), names_to = "Metric", values_to = "Value")

ggplot(soil_summary_long, aes(x = Habitat, y = Value)) +
  geom_boxplot() +
  facet_wrap(~ Metric, scales = "free_y") +
  labs(title = "5-Year VWC Metrics by Habitat",
       y = "Value",
       x = "Habitat") +
  theme_minimal()
############
#seasonal boxplots
ggplot(soil_seasonal, aes(x = Habitat, y = VWC_mean, fill = Season)) +
  geom_boxplot(position = position_dodge(width = 0.8)) +
  labs(title = "Seasonal VWC Mean by Habitat",
       y = "VWC Mean (%)",
       x = "Habitat") +
  theme_minimal()


#not normal - try Kruskal wallis
# Run Kruskal-Wallis separately for summer and winter
kruskal.test(VWC_mean ~ Habitat, data = subset(soil_seasonal, Season == "Summer"))
kruskal.test(VWC_mean ~ Habitat, data = subset(soil_seasonal, Season == "Winter"))


#test 5p and 95p seasonal data for significance.fix these lines into summer and winter as above!!
kruskal.test(VWC_5p ~ Habitat, data = soil_seasonal)
kruskal.test(VWC_95p ~ Habitat, data = soil_seasonal)

##test 5p and 95 p overall 5 years
soil_summary$Habitat <- dplyr::case_when(
  grepl("A$", soil_summary$Plot) ~ "Ash-dominated girdled",
  grepl("B$", soil_summary$Plot) ~ "Ash-dominated",
  grepl("C$", soil_summary$Plot) ~ "Non-ash dominated"
)

kruskal.test(VWC_5p ~ Habitat, data = soil_summary)
kruskal.test(VWC_95p ~ Habitat, data = soil_summary)
kruskal.test(VWC_mean ~ Habitat, data = soil_summary)

#############
#step by step code for pairwise tests
# Load required packages
library(dplyr)

# Load your data
soil_summary <- read.csv("soil moisture/soil_summary_five_years.csv")
soil_seasonal <- read.csv("soil moisture/soil_summary_seasons_five_years.csv")

# Add Habitat column from Plot code
extract_habitat <- function(plot) {
  if (grepl("A$", plot)) return("Ash-dominated girdled")
  if (grepl("B$", plot)) return("Ash-dominated")
  if (grepl("C$", plot)) return("Non-ash dominated")
  return(NA)
}

soil_summary$Habitat <- sapply(soil_summary$Plot, extract_habitat)
soil_seasonal$Habitat <- sapply(soil_seasonal$Plot, extract_habitat)

# Function for pairwise Wilcoxon test with BH correction
run_pairwise_wilcox <- function(data, value_col) {
  pairwise.wilcox.test(
    x = data[[value_col]],
    g = data$Habitat,
    p.adjust.method = "BH"
  )
}
# Run tests
# 1. Overall 5-year mean
wilcox_overall <- run_pairwise_wilcox(soil_summary, "VWC_mean")

# 2. Summer only
wilcox_summer <- run_pairwise_wilcox(
  subset(soil_seasonal, Season == "Summer"),
  "VWC_mean"
)

# 3. Winter only
wilcox_winter <- run_pairwise_wilcox(
  subset(soil_seasonal, Season == "Winter"),
  "VWC_mean"
)
# Print results
wilcox_overall
wilcox_summer
wilcox_winter
##########
#visualise

# Load data
soil_summary <- read.csv("soil moisture/soil_summary_five_years.csv")
soil_seasonal <- read.csv("soil moisture/soil_summary_seasons_five_years.csv")

# Add habitat classification
soil_summary$Habitat <- ifelse(grepl("A$", soil_summary$Plot), "Ash-dominated girdled",
                               ifelse(grepl("B$", soil_summary$Plot), "Ash-dominated",
                                      ifelse(grepl("C$", soil_summary$Plot), "Non-ash dominated", NA)))

soil_seasonal$Habitat <- ifelse(grepl("A$", soil_seasonal$Plot), "Ash-dominated girdled",
                                ifelse(grepl("B$", soil_seasonal$Plot), "Ash-dominated",
                                       ifelse(grepl("C$", soil_seasonal$Plot), "Non-ash dominated", NA)))

# Subset for summer and winter
soil_summer <- filter(soil_seasonal, Season == "Summer")
soil_winter <- filter(soil_seasonal, Season == "Winter")

# Function to plot VWC by Habitat
plot_vwc <- function(data, metric, title) {
  ggplot(data, aes(x = Habitat, y = .data[[metric]], fill = Habitat)) +
    geom_boxplot(alpha = 0.8) +
    theme_minimal() +
    labs(title = title, x = NULL, y = metric) +
    scale_fill_brewer(palette = "Set2") +
    theme(axis.text.x = element_text(angle = 25, hjust = 1))
}

# Plot Mean VWC
plot_vwc(soil_summary, "VWC_mean", "Mean VWC by Habitat (Overall 5 Years)")
plot_vwc(soil_summer, "VWC_mean", "Mean VWC by Habitat (Summer, 5 Years)")
plot_vwc(soil_winter, "VWC_mean", "Mean VWC by Habitat (Winter, 5 Years)")

# Plot 95th Percentile VWC
plot_vwc(soil_summary, "VWC_95p", "95th Percentile VWC by Habitat (Overall 5 Years)")
plot_vwc(soil_summer, "VWC_95p", "95th Percentile VWC by Habitat (Summer, 5 Years)")
plot_vwc(soil_winter, "VWC_95p", "95th Percentile VWC by Habitat (Winter, 5 Years)")

########
#facet plots with significance stars/p-values
library(dplyr)
library(ggplot2)
library(ggpubr)
# Load data
soil_summary <- read.csv("soil moisture/soil_summary_five_years.csv")
soil_seasonal <- read.csv("soil moisture/soil_summary_seasons_five_years.csv")

# Add Habitat variable based on Plot code
soil_summary$Habitat <- ifelse(grepl("A$", soil_summary$Plot), "Ash-dominated girdled",
                               ifelse(grepl("B$", soil_summary$Plot), "Ash-dominated",
                                      ifelse(grepl("C$", soil_summary$Plot), "Non-ash dominated", NA)))

soil_seasonal$Habitat <- ifelse(grepl("A$", soil_seasonal$Plot), "Ash-dominated girdled",
                                ifelse(grepl("B$", soil_seasonal$Plot), "Ash-dominated",
                                       ifelse(grepl("C$", soil_seasonal$Plot), "Non-ash dominated", NA)))

# Label seasonal data
soil_seasonal$Time <- soil_seasonal$Season

# Add time label to overall summary
soil_summary$Time <- "Overall"

# Combine datasets
vwc_mean_all <- bind_rows(
  select(soil_summary, Habitat, VWC_mean, Time),
  select(soil_seasonal, Habitat, VWC_mean, Time)
)

vwc_95p_all <- bind_rows(
  select(soil_summary, Habitat, VWC_95p, Time),
  select(soil_seasonal, Habitat, VWC_95p, Time)
)


# Plot function with stats from wilcoxon tests
plot_facet_box <- function(data, value_col, title, y_label) {
  ggplot(data, aes(x = Habitat, y = .data[[value_col]], fill = Habitat)) +
    geom_boxplot(alpha = 0.8) +
    facet_wrap(~ Time, scales = "free_y") +
    stat_compare_means(
      method = "wilcox.test",
      label = "p.signif",
      p.adjust.method = "BH",   # matches your earlier tests
      comparisons = list(
        c("Ash-dominated", "Ash-dominated girdled"),
        c("Ash-dominated", "Non-ash dominated"),
        c("Ash-dominated girdled", "Non-ash dominated")
      )
    ) +
    labs(title = title, y = y_label, x = "Habitat") +
    scale_fill_brewer(palette = "Set2") +
    theme_minimal() +
    theme(
      axis.text.x = element_blank(),                     # hide tick labels
      axis.ticks.x = element_blank(),                    # hide tick marks
      axis.title.x = element_text(
        hjust = 0.5,                                     # center label
        margin = margin(t = 10)
      ),
      legend.position = "right",
      legend.title = element_blank()                     # remove legend title
    )
}

# Mean VWC plot
plot_facet_box(vwc_mean_all, "VWC_mean", "Mean VWC by Habitat", "Mean VWC")

# 95th Percentile VWC plot
plot_facet_box(vwc_95p_all, "VWC_95p", "95th Percentile VWC by Habitat", "VWC (95th Percentile)")
citation("ggpubr")




A2.5 Code for imputing missing trait values using missforest, calculating CWMs and creating plot.
	#imputing missing Leaf N values for Carex pendula
# Load packages
library(readr)
library(dplyr)
library(ggplot2)
library(viridis)
install.packages("missForest")
library(missForest)
library(readxl)

# Load data
# Read the 'ground flora +trait values' sheet from the Excel file
ground_flora_traits <- read_excel("Ground_Flora_Survey_with_QuadratID.xlsx", 
                                  sheet = "Ground flora + trait values")
#check it loaded properly
head(ground_flora_traits)
# Filter out bryophytes
flora_vascular <- ground_flora_traits %>%
  filter(SLA != "Bryophyte")

# Convert trait columns to numeric
flora_vascular <- flora_vascular %>%
  mutate(across(c(SLA, LDMC, `Leaf N`, `Seed mass`), as.numeric))
library(missForest)
str(flora_vascular %>% select(SLA, LDMC, `Leaf N`))

# Subset for imputation (only traits, excluding species metadata)

traits_to_impute <- flora_vascular %>%
  select(SLA, LDMC, `Leaf N`)  # Seed mass excluded for now

#check rows
flora_vascular %>%
  select(SLA, LDMC, `Leaf N`) %>%
  filter(is.na(SLA) & is.na(LDMC) & is.na(`Leaf N`))

#check which rows need imputing
flora_vascular %>%
  select(SLA, LDMC, `Leaf N`) %>%
  filter(is.na(`Leaf N`) & (!is.na(SLA) | !is.na(LDMC)))

#check for non-numeric values in trait columns
sapply(flora_vascular %>% select(SLA, LDMC, `Leaf N`), function(x) sum(!is.numeric(x)))
sapply(flora_vascular, class)

# Select only the trait columns to impute (excluding bryophytes beforehand)

traits_for_impute <- flora_vascular %>%
  filter(!grepl("bryophyte", `Common name`, ignore.case = TRUE)) %>%
  select(SLA, LDMC, `Leaf N`) %>%
  as.data.frame()
#check all numeric, no rows where all values N/A
str(traits_for_impute)
summary(traits_for_impute)
#exclude all rows where all N/A, 
traits_for_impute <- traits_for_impute %>%
  filter(!(is.na(SLA) & is.na(LDMC) & is.na(`Leaf N`)))
#verify row count
nrow(traits_for_impute)
#dry run of missForest
library(missForest)
set.seed(123)

imputed_traits <- missForest(traits_for_impute, ntree = 50, maxiter = 5)
#ok that worked, re-run with full settings
set.seed(123)
imputed_traits <- missForest(traits_for_impute, ntree = 500, maxiter = 10)
#view imputed traits
head(imputed_traits$ximp)
summary(imputed_traits$ximp)
#see where imputation occurred
which(is.na(traits_for_impute$`Leaf N`))  # Row indices with missing Leaf N
# Replace the Leaf N column in the original dataframe
flora_vascular$`Leaf N` <- imputed_traits$ximp$`Leaf N`

library(dplyr)

# Remove bryophytes
flora_filtered <- flora_vascular %>%
  filter(!grepl("bryophyte", `Scientific name`, ignore.case = TRUE))

# Recalculate CWMs for each quadrat
cwm_leafn_imputed <- flora_filtered %>%
  group_by(`Quadrat ID`) %>%
  summarise(
    CWM_Leaf_N_imputed = weighted.mean(`Leaf N`, Percentage, na.rm = TRUE),
    .groups = "drop"
  )
# Join imputed CWM Leaf N to the main CWM dataframe
cwm_df <- left_join(cwm_df, cwm_leafn_imputed, by = c("Quadrat.ID" = "Quadrat ID"))
#compare Leaf N without and with imputed values
t.test(cwm_df$CWM_Leaf.N, cwm_df$CWM_Leaf_N_imputed, paired = TRUE)
#write updated dataframe as csv
write.csv(cwm_df, "CWM_with_imputed_LeafN.csv", row.names = FALSE)

#recalculate seed mass CWM without non seed producing plants

library(readxl)
library(dplyr)

flora_data <- read_excel("Ground_Flora_Survey_with_QuadratID.xlsx", sheet = "Ground flora + trait values")

# Define genera to exclude
non_seed_generas <- c("Pteridium", "Dryopteris", "Athyrium", "Equisetum")

# Filter out non-seed species
flora_seed_only <- flora_data %>%
  filter(!sapply(`Scientific name`, function(x) any(startsWith(x, non_seed_generas))))

# Calculate CWM Seed Mass per Quadrat
cwm_seedmass <- flora_seed_only %>%
  filter(!is.na(`Seed mass`)) %>%
  group_by(`Quadrat ID`) %>%
  summarise(
    CWM_Seed.mass_filtered = sum(`Percentage` * `Seed mass`, na.rm = TRUE) / sum(`Percentage`, na.rm = TRUE),
    .groups = "drop"
  )
#merge with existing dataframe
cwm_df <- cwm_df %>%
  select(-CWM_Seed.mass) %>%  # remove old seed mass column if present
  left_join(cwm_seedmass, by = c("Quadrat.ID" = "Quadrat ID"))

head(cwm_df)
#write updated csv
write.csv(cwm_df, "updated_cwm_traits.csv", row.names = FALSE)

#updated plots with updated values
library(ggplot2)
library(viridis)  # for colour-blind friendly palettes
library(patchwork)  # to combine plots

# Make sure Habitat is a factor
cwm_df$Habitat.description <- factor(cwm_df$Habitat.description)

# Common theme for consistent axis style
theme_common <- theme_minimal() +
  theme(axis.text.x = element_text(angle = 30, hjust = 1),
        text = element_text(size = 12))

# Plot 1: SLA
p1 <- ggplot(cwm_df, aes(x = Habitat.description, y = CWM_SLA, fill = Habitat.description)) +
  geom_violin(trim = FALSE) +
  geom_boxplot(width = 0.1, outlier.size = 0.5) +
  scale_fill_viridis_d(option = "D") +
  labs(y = "mm²/mg", title = "CWM SLA", x = "Habitat") +
  theme_common + theme(legend.position = "none")

# Plot 2: LDMC
p2 <- ggplot(cwm_df, aes(x = Habitat.description, y = CWM_LDMC, fill = Habitat.description)) +
  geom_violin(trim = FALSE) +
  geom_boxplot(width = 0.1, outlier.size = 0.5) +
  scale_fill_viridis_d(option = "D") +
  labs(y = "g/g", title = "CWM LDMC", x = "Habitat") +
  theme_common + theme(legend.position = "none")

# Plot 3: Leaf N (updated with imputed values)
p3 <- ggplot(cwm_df, aes(x = Habitat.description, y = CWM_Leaf_N_imputed, fill = Habitat.description)) +
  geom_violin(trim = FALSE) +
  geom_boxplot(width = 0.1, outlier.size = 0.5) +
  scale_fill_viridis_d(option = "D") +
  labs(y = "mg/g", title = "CWM Leaf N", x = "Habitat") +
  theme_common + theme(legend.position = "none")

# Plot 4: Seed mass (updated, filtered)
p4 <- ggplot(cwm_df, aes(x = Habitat.description, y = CWM_Seed.mass_filtered, fill = Habitat.description)) +
  geom_violin(trim = FALSE) +
  geom_boxplot(width = 0.1, outlier.size = 0.5) +
  scale_fill_viridis_d(option = "D") +
  labs(y = "mg", title = "CWM Seed Mass", x = "Habitat") +
  theme_common + theme(legend.position = "none")

# Combine all 4 using patchwork
(p1 | p2) / (p3 | p4)
#imrpove layout
# Define a theme with larger, readable text
larger_theme <- theme_minimal() +
  theme(
    text = element_text(size = 14),              # Base text size
    axis.text.x = element_text(angle = 30, hjust = 1),  # Tilt x labels
    plot.title = element_text(size = 16, face = "bold", hjust = 0.5),
    axis.title = element_text(size = 14),
    axis.text = element_text(size = 12)
  )
#add larger theme to each plot

p_sla <- ggplot(cwm_df, aes(x = `Habitat.description`, y = CWM_SLA)) +
  geom_violin(fill = "lightblue", trim = FALSE) +
  geom_boxplot(width = 0.1, fill = "white") +
  labs(title = "CWM SLA", x = "Habitat", y = "mm²/mg") +
  larger_theme

p_ldmc <- ggplot(cwm_df, aes(x = `Habitat.description`, y = CWM_LDMC)) +
  geom_violin(fill = "lightgreen", trim = FALSE) +
  geom_boxplot(width = 0.1, fill = "white") +
  labs(title = "CWM LDMC", x = "Habitat", y = "g/g") +
  larger_theme

p_leafn <- ggplot(cwm_df, aes(x = `Habitat.description`, y = `CWM_Leaf_N_imputed`)) +
  geom_violin(fill = "lightpink", trim = FALSE) +
  geom_boxplot(width = 0.1, fill = "white") +
  labs(title = "CWM Leaf N", x = "Habitat", y = "mg/g") +
  larger_theme

p_seedmass <- ggplot(cwm_df, aes(x = `Habitat.description`, y = `CWM_Seed.mass_filtered`)) +
  geom_violin(fill = "lightgoldenrod", trim = FALSE) +
  geom_boxplot(width = 0.1, fill = "white") +
  labs(title = "CWM Seed Mass", x = "Habitat", y = "mg") +
  larger_theme

# Combine and save again
my_violin_plot <- (p_sla | p_ldmc) / (p_leafn | p_seedmass)

ggsave("violin_traits_bigger_text.png", my_violin_plot, width = 14, height = 10, dpi = 300)



A2.6 Code to use log-transformed SLA, LDMC, Leaf N and seed mass data with Gaussian family and also a Weibull family model for seed mass to create set of Bayesian hierarchical models, including LOO comparison, predictor weights and posterior summaries.  Also to create plots and posterior predictive checks (PPCs) on top three models for each trait.
	## --- Clear session ---
rm(list = ls())
gc()

# --- Load packages ---
library(tidyverse)
library(brms)
library(loo)
library(readr)
library(posterior)

# --- Load data ---
traits <- read_csv("CWM_updated_traits.csv")

soil_1yr <- read_csv("soil_summary_one_year.csv") %>%
  rename(
    VWC_5p_1yr = VWC_5p,
    VWC_mean_1yr = VWC_mean,
    VWC_95p_1yr = VWC_95p,
    VWC_sd_1yr = VWC_sd
  )

soil_5yr <- read_csv("soil_summary_five_years.csv") %>%
  rename(
    VWC_5p_5yr = VWC_5p,
    VWC_mean_5yr = VWC_mean,
    VWC_95p_5yr = VWC_95p,
    VWC_sd_5yr = VWC_sd
  )

# Merge datasets
data <- traits %>%
  left_join(soil_1yr, by = "Plot") %>%
  left_join(soil_5yr, by = "Plot")

# --- Check columns ---
required_cols <- c(
  "CWM_SLA", "CWM_LDMC", "CWM_Leaf.N", "CWM_Seed.mass",
  "Canopy.cover", "Habitat.description", "Plot",
  "VWC_5p_1yr", "VWC_mean_1yr", "VWC_95p_1yr",
  "VWC_5p_5yr", "VWC_mean_5yr", "VWC_95p_5yr"
)
missing_cols <- setdiff(required_cols, names(data))
if (length(missing_cols) > 0) {
  stop(paste("Missing columns after merge:", paste(missing_cols, collapse = ", ")))
}

# --- Transform and scale variables ---
data <- data %>%
  mutate(VWC_95p_dev = VWC_95p_1yr - VWC_mean_1yr) %>%
  mutate(
    log_SLA = log(CWM_SLA),
    log_LDMC = log(CWM_LDMC),
    log_LeafN = log(CWM_Leaf.N),
    log_SeedMass = log(CWM_Seed.mass)
  )

scale_cols <- c("Canopy.cover",
                "VWC_5p_1yr", "VWC_mean_1yr",
                "VWC_5p_5yr", "VWC_mean_5yr", "VWC_95p_5yr")
data <- data %>%
  mutate(across(all_of(scale_cols), ~ as.numeric(scale(.x)), .names = "{.col}_scaled")) %>%
  mutate(VWC_95p_dev_scaled = as.numeric(scale(VWC_95p_dev)))

# Re-level habitat (reference = Non-ash dominated)
data$Habitat.description <- relevel(factor(data$Habitat.description), ref = "Non-ash dominated")

# --- Trait definitions ---
traits_list <- list(
  SLA = list(var = "log_SLA", family = gaussian()),
  LDMC = list(var = "log_LDMC", family = gaussian()),
  LeafN = list(var = "log_LeafN", family = gaussian()),
  SeedMass_Gaussian = list(var = "log_SeedMass", family = gaussian()),
  SeedMass_Weibull = list(var = "CWM_Seed.mass", family = weibull())
)

# Predictors
predictors <- c("Habitat.description", "Canopy.cover_scaled",
                "VWC_5p_1yr_scaled", "VWC_mean_1yr_scaled", "VWC_95p_dev_scaled",
                "VWC_5p_5yr_scaled", "VWC_mean_5yr_scaled", "VWC_95p_5yr_scaled")

# --- Generate candidate formulas ---
generate_formulas <- function(response) {
  base <- paste0(response, " ~ (1|Plot)")
  formulas <- list(as.formula(base))
  
  # Single predictors
  for (pred in predictors) {
    formulas <- append(formulas, list(as.formula(paste0(response, " ~ ", pred, " + (1|Plot)"))))
  }
  # Habitat + one other predictor
  for (pred in predictors[-1]) {
    formulas <- append(formulas, list(as.formula(paste0(response, " ~ Habitat.description + ", pred, " + (1|Plot)"))))
  }
  # Full model with all predictors
  formulas <- append(formulas, list(as.formula(paste0(response, " ~ ", paste(predictors, collapse = " + "), " + (1|Plot)"))))
  formulas
}

# --- Model fitting function (fixed) ---
fit_models_for_trait <- function(trait_name, var, family, data) {
  skip_loo <- grepl("Weibull", trait_name)  # avoid mixing outcomes for LOO
  
  formulas <- generate_formulas(var)
  fitted <- list()
  loo_list <- list()
  
  message("\n--- Fitting models for ", trait_name, " ---")
  for (i in seq_along(formulas)) {
    fname <- paste0("model_", trait_name, "_", i, ".rds")
    if (file.exists(fname)) {
      mod <- readRDS(fname)
    } else {
      mod <- brm(
        formula = formulas[[i]],
        data = data,
        family = family,
        chains = 4, iter = 3000, warmup = 1000, cores = 4,
        save_pars = save_pars(all = TRUE),
        control = list(adapt_delta = 0.99, max_treedepth = 15)
      )
      saveRDS(mod, fname)
    }
    fitted[[i]] <- mod
    
    if (!skip_loo) {
      loo_list[[i]] <- loo(mod, moment_match = TRUE)
    }
  }
  
  # LOO comparison 
  if (!skip_loo) {
    comp <- loo_compare(loo_list)
    weights <- loo_model_weights(loo_list, method = "pseudobma", BB = TRUE)
    write_csv(as.data.frame(comp), paste0(trait_name, "_LOO_comparison.csv"))
    write_csv(data.frame(Model_Index = seq_along(weights), Weight = weights),
              paste0(trait_name, "_model_weights.csv"))
  } else {
    weights <- rep(1 / length(fitted), length(fitted))  # equal weights if LOO skipped
  }
  
  # Predictor weights
  all_preds <- unique(unlist(lapply(formulas, all.vars)))
  all_preds <- all_preds[!all_preds %in% c(var, "Plot")]
  
  pred_weights <- sapply(all_preds, function(p) {
    sum(weights[sapply(formulas, function(f) p %in% all.vars(f))])
  })
  pred_weights <- data.frame(Predictor = names(pred_weights), Weight = pred_weights)
  write_csv(pred_weights, paste0(trait_name, "_predictor_importance.csv"))
  
  # --- Posterior summaries ---
  posterior_summaries <- tibble(Parameter = character(), Mean = numeric(),
                                SE = numeric(), CI_Lower = numeric(), CI_Upper = numeric())
  
  params_to_extract <- c(all_preds, "Intercept", "sd_Plot__Intercept")
  
  for (param in params_to_extract) {
    draws <- NULL
    for (i in seq_along(fitted)) {
      draws_i <- as_draws_df(fitted[[i]])
      if (param %in% names(draws_i)) {
        post <- draws_i[[param]]
        if (length(post) > 0 && !all(is.na(post))) {
          w <- weights[i]
          draws <- c(draws, sample(post, size = 4000, replace = TRUE) * w)
        }
      }
    }
    if (!is.null(draws) && length(draws) > 0) {
      ci <- quantile(draws, probs = c(0.025, 0.975))
      posterior_summaries <- add_row(
        posterior_summaries,
        Parameter = param,
        Mean = mean(draws),
        SE = sd(draws),
        CI_Lower = ci[1],
        CI_Upper = ci[2]
      )
    }
  }
  
  write_csv(posterior_summaries, paste0(trait_name, "_posterior_estimates.csv"))
}

# --- Run for all traits ---
for (trait in names(traits_list)) {
  fit_models_for_trait(trait,
                       traits_list[[trait]]$var,
                       traits_list[[trait]]$family,
                       data)
}

## visualise##

library(tidyverse)

# Force white background theme globally
theme_set(theme_minimal(base_size = 14) + theme(
  plot.background = element_rect(fill = "white", color = NA),
  panel.background = element_rect(fill = "white", color = NA),
  panel.grid.major.y = element_blank(),
  panel.grid.minor = element_blank()
))

# --- Predictor importance plot ---
plot_predictor_importance <- function(trait_name) {
  weights_file <- paste0(trait_name, "_predictor_importance.csv")
  weights <- read_csv(weights_file, show_col_types = FALSE)
  
  p <- ggplot(weights, aes(x = reorder(Predictor, Weight), y = Weight, fill = Weight)) +
    geom_col(show.legend = FALSE) +
    coord_flip() +
    scale_fill_gradient(low = "#6baed6", high = "#2171b5") +
    labs(title = paste(trait_name, "- Predictor Importance"),
         x = "Predictor", y = "Model Weight (sum)")
  
  ggsave(paste0(trait_name, "_predictor_importance_clean.png"), p, width = 6, height = 4, bg = "white")
}

# --- Posterior estimates plot ---
plot_posterior_estimates <- function(trait_name) {
  posterior_file <- paste0(trait_name, "_posterior_estimates.csv")
  posterior <- read_csv(posterior_file, show_col_types = FALSE)
  
  p <- posterior %>%
    filter(Parameter != "Intercept", !grepl("sd_", Parameter)) %>%
    ggplot(aes(x = reorder(Parameter, Mean), y = Mean, color = Mean)) +
    geom_point(size = 3) +
    geom_errorbar(aes(ymin = CI_Lower, ymax = CI_Upper), width = 0.15) +
    geom_hline(yintercept = 0, linetype = "dashed", color = "black") +
    coord_flip() +
    scale_color_gradient2(low = "#d95f0e", mid = "#f7f7f7", high = "#1a9850", midpoint = 0) +
    labs(title = paste(trait_name, "- Model-Averaged Effects"),
         x = "Parameter", y = "Effect Size (Mean ± 95% CI)")
  
  ggsave(paste0(trait_name, "_posterior_estimates_clean.png"), p, width = 6, height = 4, bg = "white")
}

# --- Run for all traits ---
traits <- c("SLA", "LDMC", "LeafN", "SeedMass_Gaussian", "SeedMass_Weibull")
for (trait in traits) {
  plot_predictor_importance(trait)
  plot_posterior_estimates(trait)
}
#######################
Posterior Predictive Checks on top 3 models for each trait, weibull and/or Gaussian
######################

library(brms)
library(bayesplot)
library(loo)
library(tidyverse)

traits <- c("SLA", "LDMC", "LeafN", "SeedMass_Gaussian", "SeedMass_Weibull")
folders <- list(
  SLA = "weibull_outputs",
  LDMC = "gaussian_outputs",
  LeafN = "gaussian_outputs",
  SeedMass_Gaussian = "gaussian_outputs",
  SeedMass_Weibull = "weibull_outputs"
)

dir.create("ppc_checks_individual", showWarnings = FALSE)

# Store model details for a summary CSV
summary_list <- list()

for (trait in traits) {
  cat("\n--- Generating PPCs for top 3 models of", trait, "---\n")
  
  weights_file <- file.path(folders[[trait]], paste0(trait, "_model_weights.csv"))
  if (!file.exists(weights_file)) {
    cat("  No weights file for", trait, "- skipping.\n")
    next
  }
  
  weights <- read_csv(weights_file, show_col_types = FALSE)
  top_indices <- order(weights$Weight, decreasing = TRUE)[1:min(3, nrow(weights))]
  
  for (i in seq_along(top_indices)) {
    idx <- top_indices[i]
    model_file <- file.path(folders[[trait]], paste0("model_", trait, "_", idx, ".rds"))
    if (!file.exists(model_file)) {
      cat("  Model", idx, "missing for", trait, "- skipping.\n")
      next
    }
    
    model_weight <- round(weights$Weight[weights$Model_Index == idx], 3)
    cat("  Running PPC (dens_overlay) for", trait, "Model", idx, "(Rank", i, ", Weight", model_weight, ")\n")
    
    mod <- readRDS(model_file)
    
    # Add model details to summary list (include formula for reference)
    summary_list[[length(summary_list) + 1]] <- data.frame(
      Trait = trait,
      Model_Index = idx,
      Rank = i,
      Weight = model_weight,
      Formula = deparse(mod$formula)
    )
    
    # Single diagnostic plot (density overlay)
    title_text <- paste0(trait, " - Model ", idx, " (Rank ", i, ", Weight ", model_weight, ")")
    p <- pp_check(mod, type = "dens_overlay", ndraws = 100) +
      ggtitle(title_text) +
      theme(plot.title = element_text(size = 9))
    
    grid::grid.newpage()
    grid::grid.draw(ggplotGrob(p))
    
    # Save PNG
    fname <- paste0(trait, "_Model", idx, "_Rank", i, "_Weight", model_weight, "_PPC_dens.png")
    ggsave(file.path("ppc_checks_individual", fname),
           p, width = 6, height = 4, bg = "white")
  }
}

# Combine the model info into a CSV
ppc_summary <- bind_rows(summary_list)
write_csv(ppc_summary, "ppc_checks_individual/PPC_Model_Summary.csv")

cat("\nAll PPCs generated and summary saved to ppc_checks_individual/PPC_Model_Summary.csv\n")
######
library(tidyverse)

# Load the messy summary
ppc_summary <- read_csv("ppc_checks_individual/PPC_Model_Summary.csv", show_col_types = FALSE)

# Extract only the predictors (clean version)
ppc_summary_clean <- ppc_summary %>%
  mutate(
    # Take everything after "~"
    Predictors = gsub(".*~", "", Formula),
    # Remove random effects like (1|Plot)
    Predictors = gsub("\\+?\\s*\\(1\\|.*?\\)", "", Predictors),
    # Clean spacing
    Predictors = gsub("\\s+", " ", Predictors),
    Predictors = trimws(Predictors),
    # Replace empty (intercept-only models) with label
    Predictors = ifelse(Predictors == "", "Intercept only", Predictors)
  ) %>%
  select(Trait, Model_Index, Rank, Weight, Predictors)

# Save the clean file
write_csv(ppc_summary_clean, "ppc_checks_individual/PPC_Model_Summary_PredictorsOnly.csv")

cat("Predictor-only summary saved to ppc_checks_individual/PPC_Model_Summary_PredictorsOnly.csv\n")
#########################################################

#run PPCs for SLA weibull and gaussian models
library(brms)
library(bayesplot)
library(tidyverse)

trait <- "SLA"
folders <- list(
  Gaussian = "gaussian_outputs",
  Weibull = "weibull_outputs"
)

output_dir <- "ppc_checks_SLA_combined"
dir.create(output_dir, showWarnings = FALSE)

for (family_name in names(folders)) {
  folder <- folders[[family_name]]
  weights_file <- file.path(folder, paste0(trait, "_model_weights.csv"))
  
  if (!file.exists(weights_file)) {
    cat("No model weights for", family_name, trait, "- skipping.\n")
    next
  }
  
  weights <- read_csv(weights_file, show_col_types = FALSE)
  top_indices <- order(weights$Weight, decreasing = TRUE)[1:min(3, nrow(weights))]
  
  for (i in seq_along(top_indices)) {
    idx <- top_indices[i]
    model_file <- file.path(folder, paste0("model_", trait, "_", idx, ".rds"))
    
    if (!file.exists(model_file)) {
      cat("Model", idx, "missing for", family_name, trait, "- skipping.\n")
      next
    }
    
    model_weight <- round(weights$Weight[weights$Model_Index == idx], 3)
    cat("Running PPC for", trait, family_name, "Model", idx, 
        "(Rank", i, ", Weight", model_weight, ")\n")
    
    mod <- readRDS(model_file)
    
    # Title includes family (Gaussian vs Weibull)
    title_text <- paste0(trait, " (", family_name, ") - Model ", idx, 
                         " (Rank ", i, ", Weight ", model_weight, ")")
    p <- pp_check(mod, type = "dens_overlay", ndraws = 100) +
      ggtitle(title_text) +
      theme(plot.title = element_text(size = 9))
    
    # Display in RStudio
    grid::grid.newpage()
    grid::grid.draw(ggplotGrob(p))
    
    # Save PNG for each model
    fname <- paste0(trait, "_", family_name, "_Model", idx, "_Rank", i, 
                    "_Weight", model_weight, "_PPC_dens.png")
    ggsave(file.path(output_dir, fname),
           p, width = 6, height = 4, bg = "white")
  }
}

cat("\nAll Gaussian and Weibull SLA PPCs saved to", output_dir, "\n")



A2.7 Code to use non-log transformed LDMC and Leaf N Gaussian family to create set of Bayesian hierarchical models
	# --- Load packages ---
library(tidyverse)
library(brms)
library(loo)
library(readr)
library(posterior)

# --- Output folder for raw models ---
output_dir <- "results_raw"
dir.create(output_dir, showWarnings = FALSE)

# --- Load and prep data ---
traits <- read_csv("CWM_updated_traits.csv")

soil_1yr <- read_csv("soil_summary_one_year.csv") %>%
  rename(VWC_5p_1yr = VWC_5p, VWC_mean_1yr = VWC_mean,
         VWC_95p_1yr = VWC_95p, VWC_sd_1yr = VWC_sd)

soil_5yr <- read_csv("soil_summary_five_years.csv") %>%
  rename(VWC_5p_5yr = VWC_5p, VWC_mean_5yr = VWC_mean,
         VWC_95p_5yr = VWC_95p, VWC_sd_5yr = VWC_sd)

data <- traits %>%
  left_join(soil_1yr, by = "Plot") %>%
  left_join(soil_5yr, by = "Plot")

# Scale predictors (traits remain raw)
scale_cols <- c("Canopy.cover", "VWC_5p_1yr", "VWC_mean_1yr",
                "VWC_5p_5yr", "VWC_mean_5yr", "VWC_95p_5yr")
data <- data %>%
  mutate(across(all_of(scale_cols), ~ as.numeric(scale(.x)), .names = "{.col}_scaled")) %>%
  mutate(VWC_95p_dev = VWC_95p_1yr - VWC_mean_1yr,
         VWC_95p_dev_scaled = as.numeric(scale(VWC_95p_dev)))

data$Habitat.description <- relevel(factor(data$Habitat.description), ref = "Non-ash dominated")

# --- Traits to model (raw, Gaussian) ---
traits_list <- list(
  LDMC = list(var = "CWM_LDMC", family = gaussian()),
  LeafN = list(var = "CWM_Leaf.N", family = gaussian())
)

# Predictors
predictors <- c("Habitat.description", "Canopy.cover_scaled",
                "VWC_5p_1yr_scaled", "VWC_mean_1yr_scaled", "VWC_95p_dev_scaled",
                "VWC_5p_5yr_scaled", "VWC_mean_5yr_scaled", "VWC_95p_5yr_scaled")

# --- Generate candidate formulas ---
generate_formulas <- function(response) {
  base <- paste0(response, " ~ (1|Plot)")
  formulas <- list(as.formula(base))
  for (pred in predictors) {
    formulas <- append(formulas, list(as.formula(paste0(response, " ~ ", pred, " + (1|Plot)"))))
  }
  for (pred in predictors[-1]) {
    formulas <- append(formulas, list(as.formula(paste0(response, " ~ Habitat.description + ", pred, " + (1|Plot)"))))
  }
  formulas <- append(formulas, list(as.formula(paste0(response, " ~ ", paste(predictors, collapse = " + "), " + (1|Plot)"))))
  formulas
}

# --- Main function to fit models and produce fixed posteriors ---
fit_models_for_trait <- function(trait_name, var, family, data) {
  formulas <- generate_formulas(var)
  fitted <- list()
  loo_list <- list()
  
  message("\n--- Fitting models for ", trait_name, " ---")
  
  # Fit/load all candidate models
  for (i in seq_along(formulas)) {
    fname <- file.path(output_dir, paste0("model_", trait_name, "_", i, ".rds"))
    if (file.exists(fname)) {
      mod <- readRDS(fname)
    } else {
      mod <- brm(formula = formulas[[i]], data = data, family = family,
                 chains = 4, iter = 3000, warmup = 1000, cores = 4,
                 save_pars = save_pars(all = TRUE),
                 control = list(adapt_delta = 0.99, max_treedepth = 15))
      saveRDS(mod, fname)
    }
    fitted[[i]] <- mod
    loo_list[[i]] <- loo(mod, moment_match = TRUE)
  }
  
  # Model comparison and weights
  comp <- loo_compare(loo_list)
  weights <- loo_model_weights(loo_list, method = "pseudobma", BB = TRUE)
  write_csv(as.data.frame(comp), file.path(output_dir, paste0(trait_name, "_LOO_comparison.csv")))
  write_csv(data.frame(Model_Index = seq_along(weights), Weight = weights),
            file.path(output_dir, paste0(trait_name, "_model_weights.csv")))
  
  # Predictor importance
  all_preds <- unique(unlist(lapply(formulas, all.vars)))
  all_preds <- all_preds[!all_preds %in% c(var, "Plot")]
  pred_weights <- sapply(all_preds, function(p) sum(weights[sapply(formulas, function(f) p %in% all.vars(f))]))
  pred_weights <- data.frame(Predictor = names(pred_weights), Weight = pred_weights)
  write_csv(pred_weights, file.path(output_dir, paste0(trait_name, "_predictor_importance.csv")))
  
  # --- Rebuild weighted posteriors (FIXED) ---
  all_fixed <- unique(unlist(lapply(fitted, function(m) grep("^b_", colnames(as_draws_df(m)), value = TRUE))))
  all_other <- unique(unlist(lapply(fitted, function(m) grep("^(sd_|Intercept)", colnames(as_draws_df(m)), value = TRUE))))
  all_params <- c(all_fixed, all_other)
  
  posterior_summaries <- map_dfr(all_params, function(param) {
    draws <- NULL
    for (i in seq_along(fitted)) {
      draws_i <- as_draws_df(fitted[[i]])
      if (param %in% names(draws_i)) {
        post <- draws_i[[param]]
        if (length(post) > 0) {
          draws <- c(draws, sample(post, size = 4000, replace = TRUE) * weights[i])
        }
      }
    }
    if (!is.null(draws)) {
      ci <- quantile(draws, probs = c(0.025, 0.975))
      tibble(Parameter = gsub("^b_", "", param),
             Mean = mean(draws), SE = sd(draws),
             CI_Lower = ci[1], CI_Upper = ci[2])
    } else NULL
  })
  
  out_file <- file.path(output_dir, paste0(trait_name, "_posterior_estimates_FIXED.csv"))
  write_csv(posterior_summaries, out_file)
  message("Saved fixed posterior estimates: ", out_file)
}

# --- Run for raw LDMC and LeafN ---
for (trait in names(traits_list)) {
  fit_models_for_trait(trait,
                       traits_list[[trait]]$var,
                       traits_list[[trait]]$family,
                       data)
}
####
## --- Posterior Predictive Checks for Top 3 Models ---

library(tidyverse)
library(brms)
library(bayesplot)

# Set theme for bayesplot
color_scheme_set("brightblue")

# Directory with saved models/results
output_dir <- "results_raw"

# Function to generate PPC plots for top 3 models of a trait
plot_ppc_top3 <- function(trait) {
  message("\nGenerating PPC plots for ", trait, "...")
  
  # Load model weights to find top 3
  weights_file <- file.path(output_dir, paste0(trait, "_model_weights.csv"))
  if (!file.exists(weights_file)) {
    warning("No model weights found for ", trait)
    return(NULL)
  }
  
  weights_df <- read_csv(weights_file, show_col_types = FALSE)
  top_models <- weights_df %>%
    arrange(desc(Weight)) %>%
    slice_head(n = 3) %>%
    pull(Model_Index)
  
  message("Top 3 models for ", trait, ": ", paste(top_models, collapse = ", "))
  
  # Generate PPC for each top model
  for (i in top_models) {
    model_file <- file.path(output_dir, paste0("model_", trait, "_", i, ".rds"))
    if (!file.exists(model_file)) {
      warning("Model file not found: ", model_file)
      next
    }
    
    mod <- readRDS(model_file)
    
    # Extract observed data and posterior predictive draws
    y_obs <- mod$data[[as.character(mod$formula$formula)[2]]]
    y_rep <- posterior_predict(mod, draws = 100)  # 100 posterior draws
    
    # Make PPC density overlay plot
    p <- ppc_dens_overlay(y_obs, y_rep) +
      ggtitle(paste("PPC Density Overlay -", trait, "- Model", i))
    
    # Save plot
    out_file <- file.path(output_dir, paste0(trait, "_PPC_Model", i, ".png"))
    ggsave(out_file, p, width = 7, height = 5, bg = "white")
    message("Saved: ", out_file)
  }
}

# Run for both traits
for (trait in c("LeafN", "LDMC")) {
  plot_ppc_top3(trait)
}



A2.8 Code to calculate probability of direction.
	# Load necessary packages
install.packages("bayestestR")
library(bayestestR)
library(brms)

# Load the model from the subfolder
seed_mass_model <- readRDS("best_models/model_SeedMass_Weibull_16.rds")
# Get pd along with posterior means and 95% credible intervals
pd_results <- describe_posterior(seed_mass_model, test = "pd", ci = 0.95)

# View or save the result
print(pd_results)
# Optionally write to CSV
write.csv(pd_results, "seed_mass_pd_summary.csv", row.names = FALSE)
##do SLA top model
library(brms)
library(bayestestR)

# Load the top-ranked SLA model
sla_model <- readRDS("best_models/model_SLA_3.rds")
sla_pd_results <- describe_posterior(sla_model, test = "pd", ci = 0.95)

# View results
print(sla_pd_results)

#do same for LDMC
ldmc_model <- readRDS("best_models/model_LDMC_3.rds")
ldmc_pd_results <- describe_posterior(ldmc_model, test = "pd", ci = 0.95)
print(ldmc_pd_results)

#and LeafN
leafN_model <- readRDS("best_models/model_LeafN_3.rds")
leafN_pd_results <- describe_posterior(leafN_model, test = "pd", ci = 0.95)
print(leafN_pd_results)



A2.9 Code to plot mean canopy cover by habitat
	#canopy cover between habitats
# Load packages
library(readr)
library(dplyr)
library(ggplot2)

# Read the data
df <- read_csv("CWM_updated_traits.csv")
#check basic summary
df %>%
  group_by(Habitat.description) %>%
  summarise(
    mean_canopy = mean(Canopy.cover, na.rm = TRUE),
    sd_canopy = sd(Canopy.cover, na.rm = TRUE),
    n = n()
  )
#visualise
ggplot(df, aes(x = Habitat.description, y = Canopy.cover)) +
  geom_boxplot() +
  geom_jitter(width = 0.1, alpha = 0.5) +
  labs(y = "Canopy Cover (%)", x = "Habitat Type")



A2.10 Code to calculate estimated marginal means for seed mass
	#emmeans
library(brms)
library(emmeans)
library(ggplot2)
library(readr)
library(dplyr)

# Folder with models and weights
output_dir <- "best_models"

# Trait to process
traits <- c("SeedMass_Weibull")

# Function to plot emmeans for one trait
plot_emmeans_for_trait <- function(trait) {
  message("\nProcessing trait: ", trait)
  
  # Load model weights
  weights_file <- file.path(output_dir, paste0(trait, "_model_weights.csv"))
  if (!file.exists(weights_file)) {
    warning("No model weights file found for ", trait)
    return(NULL)
  }
  
  weights_df <- read_csv(weights_file, show_col_types = FALSE)
  top_model <- weights_df %>% filter(Weight == max(Weight)) %>% pull(Model_Index)
  
  model_file <- file.path(output_dir, paste0("model_", trait, "_", top_model, ".rds"))
  if (!file.exists(model_file)) {
    warning("Model file not found: ", model_file)
    return(NULL)
  }
  
  mod <- readRDS(model_file)
  
  #Try computing emmeans directly (no fixef check)
  emm <- tryCatch({
    emmeans(mod, ~ Habitat.description)
  }, error = function(e) {
    warning("emmeans failed for ", trait, ": ", e$message)
    return(NULL)
  })
  
  # If emmeans failed, exit
  if (is.null(emm)) return(NULL)
  
  # Convert to data frame
  emm_df <- as.data.frame(emm)
  print("EMMEANS results:")
  print(emm_df)
  
  # Ensure output folder exists
  if (!dir.exists(output_dir)) {
    dir.create(output_dir, recursive = TRUE)
  }
  
  # Save emmeans table
  csv_out <- file.path(output_dir, paste0(trait, "_emmeans_table.csv"))
  write_csv(emm_df, csv_out)
  message("Saved CSV: ", csv_out)
  
  # Create and save plot
  p <- ggplot(emm_df, aes(x = Habitat.description, y = emmean)) +
    geom_point(size = 3) +
    geom_errorbar(aes(ymin = lower.HPD, ymax = upper.HPD), width = 0.1) +
    labs(title = paste("Estimated Marginal Means -", trait),
         x = "Habitat", y = "Estimated Trait Value (log scale)") +
    theme_minimal(base_size = 14)
  
  png_out <- file.path(output_dir, paste0(trait, "_EMMEANS_plot.png"))
  ggsave(png_out, p, width = 6, height = 4, bg = "white")
  message("Saved plot: ", png_out)
}
output_dir <- "best_models"
plot_emmeans_for_trait("SeedMass_Weibull")



