R-script for calculating diversity indices
## Load packages
library(readxl)
library(vegan)
library(Cairo)

dat <- read_excel(
  "rarefaction R.xlsx",
  sheet = 1
)

species_cols <- setdiff(
  names(dat),
  c("Sites","Subsamples")
)

get_comm_for_station <- function(station_name){
  sub <- dat[dat$Sites == station_name, ]
  comm <- as.data.frame(sub[, species_cols])
  rownames(comm) <- sub$Subsamples
  as.matrix(comm)
  
filter_N_ge_40 <- function(comm_mat){
  N <- rowSums(comm_mat)
  comm_mat[N >= 40,,drop=FALSE]
}

stations <- unique(dat$Sites)
max_species <- 0
for(st in stations)
{
  comm_st <- get_comm_for_station(st)
  if(sum(comm_st)==0) next
  sac <- specaccum(comm_st, method="random"  
  max_species <- max(
    max_species,
    max(sac$richness + sac$sd)
  )  
}

ylim_max <- ceiling(max_species)
for(st in stations){
  cat("Processing:",st,"\n")  
  comm_st <- get_comm_for_station(st)
  total_N <- sum(comm_st)
  if(total_N==0){
    cat("Skipped\n")
    next
  }
  
  sac <- specaccum(
    comm_st,
    method="random"
  )
  
  n_sub <- nrow(comm_st)
  final_richness <- max(sac$richness)
  safe_name <- gsub(
    "[^A-Za-z0-9]+",
    "_",
    st
  )
  
  CairoPDF(
    paste0(
      "Species_accumulation_",
      safe_name,
      ".pdf"
    ),
    width=4.5,
    height=4
  )
  plot(
    sac,
    ci.type="polygon",
    ci.col=rgb(
      70/255,
      170/255,
      220/255,
      alpha=0.25
    ),
    col="#1F4E79",
    lwd=1,
    xlim=c(1,n_sub),
    ylim=c(0,ylim_max),
    xlab="Number of subsamples",
    ylab="Cumulative species richness",
    main=paste0(
      st,
      " (n = ",
      n_sub,
      ")"
    ),
    
    cex.main=1,
    font.main=2,
    cex.lab=0.9,
    cex.axis=0.85,
        frame.plot=FALSE
  )
  text(
    x=n_sub,
    y=ylim_max*0.95,
    labels=paste0(
      "Observed richness = ",
      final_richness
    ),
        adj=1,
    cex=0.8
  )
  box(
    bty="l",
    lwd=1
  )
  
  dev.off()
  
  CairoSVG(
    paste0(
      "Species_accumulation_",
      safe_name,
      ".svg"
    ),
    width=4.5,
    height=4
  )
    plot(
    sac,
    ci.type="polygon",
    
    ci.col=rgb(
      70/255,
      170/255,
      220/255,
      alpha=0.25
    ),
    col="#1F4E79",
    lwd=1,
    xlim=c(1,n_sub),
    ylim=c(0,ylim_max),
    xlab="Number of subsamples",
    ylab="Cumulative species richness",
    main=paste0(
      st,
      " (n = ",
      n_sub,
      ")"
    ),
    cex.main=1,
    font.main=2,
    cex.lab=0.9,
    cex.axis=0.85,
    frame.plot=FALSE
  )
  
  text(
    x=n_sub,
    y=ylim_max*0.95,
    labels=paste0(
      "Observed richness = ",
      final_richness
    ),
    adj=1,
cex=0.8
  )
  
  box(
    bty="l",
    lwd=1
  )
  dev.off()
    cat("Saved PDF and SVG for",st,"\n")
  
}

station_totals <- t(
    sapply(
    stations,
    function(st){
      comm_st <- get_comm_for_station(st)
      colSums(comm_st)
    }
  )
)

rownames(station_totals) <- stations

N_per_station <- rowSums(station_totals)
print(N_per_station)

n_rare <- min(
  N_per_station[
    N_per_station>0
  ]
)
cat(
  "Rarefying to n =",
  n_rare,
  "\n"
)

keep <- N_per_station >= n_rare

station_totals_keep <- station_totals[
  keep,
  ,
  drop=FALSE
]

ES_n <- rarefy(
  station_totals_keep,
  sample=n_rare,
    se=TRUE
)

print(ES_n)
fisher_a <- fisher.alpha(
  station_totals_keep
)

print(fisher_a)
diversity_table <- data.frame(
  Station=rownames(
    station_totals_keep
  ),
  N=N_per_station[
    keep
  ],
  ES_n=ES_n["S",],
  ES_n_SE=ES_n["se",],
  Fisher_a=fisher_a
)

write.csv(
  diversity_table,
  "diversity_indices_per_station.csv",
  row.names=FALSE
  
)
cat(
  "Saved diversity_indices_per_station.csv\n"
)
cat(
  "Done.\n"
)


R-script for generating rarefaction plot
library(readxl)
library(vegan)

dat <- read_excel("rarefaction R.xlsx", sheet = 1)
species_cols <- setdiff(names(dat), c("Sites", "Subsamples"))

get_comm_for_station <- function(station_name) {
  sub  <- dat[dat$Sites == station_name, ]
  comm <- as.data.frame(sub[, species_cols])
  rownames(comm) <- sub$Subsamples
  as.matrix(comm)
}

stations <- unique(dat$Sites)
for (st in stations) {
  comm_st <- get_comm_for_station(st)
  total_N_st <- sum(comm_st)
  if (total_N_st == 0) next

  sac_st <- specaccum(comm_st, method = "random")

  safe_name <- gsub("[^A-Za-z0-9_]+", "_", st)
  out_file  <- paste0("species_accumulation_", safe_name, ".png")

  png(filename = out_file, width = 1200, height = 900, res = 150)
  plot(
    sac_st,
    ci.type = "polygon",
    ci.col  = "lightblue",
    xlab    = "Number of subsamples",
    ylab    = "Cumulative species richness",
    main    = paste("Species accumulation -", st)
  )
  dev.off()
} 


R-script for calculating PERMANOVA, PERMDISP and generating PCoA figure

library(readxl)
library(vegan)
library(ggplot2)
library(ggrepel)
library(grid)
library(Cairo)

dat <- read_excel("rarefaction R.xlsx", sheet = 1)
species_cols <- setdiff(names(dat), c("Sites", "Subsamples"))

hypoxic_stations <- c("St. 3", "St. 4", "St. 5", "St. 6", "St. 10", "St. 133")
oxic_stations   <- c("St. 2", "St. 8")
dat$EnvType <- NA
dat$EnvType[dat$Sites %in% hypoxic_stations] <- "Hypoxic"
dat$EnvType[dat$Sites %in% oxic_stations]   <- "Oxic"
dat <- dat[!is.na(dat$EnvType), ]

dat$TotalN <- rowSums(dat[, species_cols])
dat_filt <- dat[dat$TotalN >= 30, ]

all_stations <- unique(dat$Sites)

comm_list <- list()
for (st in all_stations) {
  rows <- dat[dat$Sites == st, ]              
  comm_sum <- colSums(rows[, species_cols])   
  comm_list[[st]] <- comm_sum
}

comm_station_raw <- do.call(rbind, comm_list)
rownames(comm_station_raw) <- all_stations
station_totalN <- rowSums(comm_station_raw)
keep <- station_totalN >= 30
comm_station <- comm_station_raw[keep, ]
station_meta <- data.frame(
  Sites = rownames(comm_station),
  EnvType = sapply(rownames(comm_station), function(x) unique(dat$EnvType[dat$Sites == x]))
)
print(station_meta$Sites)
print(rowSums(comm_station))

bc_station <- vegdist(comm_station, method = "bray")

set.seed(123)
perm_station <- adonis2(bc_station ~ EnvType, data = station_meta, permutations = 999)
print(perm_station)

bd_station <- betadisper(bc_station, station_meta$EnvType)
permdisp_station <- permutest(bd_station, permutations = 999)
print(permdisp_station)

print(bd_station)

pcoa <- cmdscale(bc_station,
                 eig = TRUE,
                 k = 2)

var_expl <- round(pcoa$eig / sum(pcoa$eig) * 100, 1)

pcoa_scores <- as.data.frame(pcoa$points)

colnames(pcoa_scores) <- c("PCoA1","PCoA2")

pcoa_scores$Sites <- station_meta$Sites
pcoa_scores$EnvType <- factor(
  station_meta$EnvType,
  levels = c("Oxic","Hypoxic")
)
centroids <- aggregate(
  cbind(PCoA1, PCoA2) ~ EnvType,
  data = pcoa_scores,
  FUN = mean
)

hulls <- do.call(
  rbind,
  lapply(split(pcoa_scores, pcoa_scores$EnvType), function(df){
    
    if(nrow(df) < 3){
      
      df$groupID <- unique(df$EnvType)
      
      return(df)
      
    }
    
    df <- df[chull(df$PCoA1, df$PCoA2), ]
    
    df <- rbind(df, df[1,])
    
    df$groupID <- unique(df$EnvType)
    
    df
    
  })
)

perm_R2 <- round(perm_station$R2[1],3)
perm_P  <- perm_station$`Pr(>F)`[1]

perm_label <- paste0(
  "PERMANOVA\n",
  expression(R^2),
  " = ", perm_R2,
  "\nP = ",
  ifelse(perm_P < 0.001,
         "<0.001",
         round(perm_P,3))
)

cols <- c(
  Oxic = "#0072B2",
  Hypoxic = "#D55E00"
)

shapes <- c(
  Oxic = 16,
  Hypoxic = 17
)

p <- ggplot(
  pcoa_scores,
  aes(
    PCoA1,
    PCoA2,
    colour = EnvType,
    shape = EnvType
  )
)

p <- p +
  
  geom_hline(
    yintercept = 0,
    colour = "grey85",
    linewidth = 0.4
  ) +
  
  geom_vline(
    xintercept = 0,
    colour = "grey85",
    linewidth = 0.4
  ) +
  
  geom_polygon(
    data = hulls,
    aes(
      x = PCoA1,
      y = PCoA2,
      fill = EnvType,
      group = EnvType
    ),,
    alpha = 0.15,
    colour = NA,
    inherit.aes = FALSE
  ) +
  
  
  geom_polygon(
    data = hulls,
    aes(
      x = PCoA1,
      y = PCoA2,
      colour = EnvType,
      group = EnvType
    ),
    fill = NA,
    linewidth = 0.8,
    inherit.aes = FALSE
  ) +
  
  geom_point(
    size = 4
  ) +
  
  geom_text_repel(
    aes(label = Sites),
    size = 4,
    family = "Arial",
    colour = "black",
    max.overlaps = Inf,
    box.padding = 0.4,
    point.padding = 0.3,
    segment.size = 0.3
  ) +

  geom_point(
    data = centroids,
    aes(
      PCoA1,
      PCoA2,
      colour = EnvType
    ),
    inherit.aes = FALSE,
    shape = 8,
    size = 5.5,
    stroke = 1.6
  ) +
  
  scale_colour_manual(values = cols) +
  scale_fill_manual(values = cols) +
  scale_shape_manual(values = shapes) +
  
  coord_equal() +
  
  labs(
    x = paste0(
      "PCoA1 (",
      var_expl[1],
      "%)"
    ),
    y = paste0(
      "PCoA2 (",
      var_expl[2],
      "%)"
    )
  ) +
  
  theme_classic(base_family = "Arial") +
  
  theme(
    
    panel.border = element_blank(),
    
    axis.line = element_line(
      linewidth = 0.8,
      colour = "black"
    ),
    
    axis.text = element_text(
      size = 12,
      colour = "black"
    ),
    
    axis.title = element_text(
      size = 14,
      face = "bold"
    ),
    

    legend.position = "none"
    
  ) +
  
  annotate(
    "text",
    x = min(pcoa_scores$PCoA1),
    y = max(pcoa_scores$PCoA2),
    hjust = 0,
    vjust = 1,
    size = 4.2,
    family = "Arial",
    label = paste0(
      "PERMANOVA\n",
      "R² = ",
      perm_R2,
      "\nP ",
      ifelse(
        perm_P < 0.001,
        "< 0.001",
        paste0("= ", round(perm_P,3))
      )
    )
  )
print(p)
ggsave(
  filename = "PCoA_MarineMicropaleontology.tiff",
  plot = p,
  width = 180,
  height = 180,
  units = "mm",
  dpi = 600,
  compression = "lzw",
  bg = "white"
)

CairoPDF(
  "PCoA.pdf",
  width = 7,
  height = 7
)

print(p)

dev.off()

print(centroids)


R-script for making δ13C figures
library(readxl)
library(ggplot2)

excel_file <- "Benthic_Foraminifera_Isotope_Data.xlsx"
data <- read_excel(excel_file, sheet = 1)

# Filter dataset based on quality control flag
data <- data[data$Include_d13C == 1, ]

all_min_depth <- min(data$Depth, na.rm = TRUE)
common_min_depth <- all_min_depth - 0.5
min_depth <- floor(common_min_depth * 2) / 2

depth_ticks <- seq(0, min_depth, by = -0.5)
neg_breaks  <- seq(-6.0, -0.5, by = 0.5)
pos_breaks  <- seq(0.5, 3.0, by = 0.5)
x_major     <- c(neg_breaks, pos_breaks)
x_minor_all <- seq(-6.0, 3.0, by = 0.5)
x_minor     <- setdiff(x_minor_all, x_major)

stations <- unique(data$Station)

for (st in stations) {
  st_data <- data[data$Station == st, ]
  
  if (nrow(st_data) == 0) next
  
  plot_title <- paste("Station", st)
  
  p <- ggplot(st_data, aes(x = dC13, y = Depth)) +
    geom_hline(yintercept = depth_ticks, color = "grey80", linewidth = 0.3) +
    geom_point(color = "blue", size = 4, alpha = 0.8) +
    geom_text(aes(label = species), nudge_y = -0.05, size = 2.5, hjust = 0.5, vjust = 1, fontface = "italic") +
    labs(
      title = paste("Measured δ13C on", plot_title),
      x = expression(paste(delta^13, "C (\u2030 VPDB)")),
      y = "Average Sediment Depth (cm)"
    ) +
    scale_x_continuous(position = "top", limits = c(-6.0, 3.0), breaks = x_major, minor_breaks = x_minor) +
    scale_y_continuous(
      limits = c(min_depth - 0.1, 0),
      breaks = seq(0, min_depth, by = -0.5),
      minor_breaks = seq(0, min_depth, by = -0.25),
      sec.axis = dup_axis(name = NULL)
    ) +
    coord_cartesian(xlim = c(-6.0, 3.0), ylim = c(min_depth - 0.1, 0)) +
    theme_void() +
    theme(
      plot.title        = element_text(size = 16, hjust = 0.5, face = "bold"),
      axis.title        = element_text(size = 14, face = "bold"),
      axis.text.y.right = element_text(size = 12),
      axis.text.x.top   = element_blank(),
      axis.title.x.top  = element_text(size = 14, face = "bold", margin = margin(b = 6)),
      axis.title.y.left = element_text(size = 14, face = "bold", angle = 90),
      panel.background  = element_rect(fill = "white"),
      plot.background   = element_rect(fill = "white")
    ) +
    annotate("segment", x = -6.0, xend = 3.0, y = 0, yend = 0, color = "black", linewidth = 0.8) +
    annotate("segment", x = x_major, xend = x_major, y = 0, yend = 0.03, color = "black", linewidth = 0.6) +
    annotate("segment", x = x_minor, xend = x_minor, y = 0, yend = 0.015, color = "black", linewidth = 0.4) +
    geom_text(data = data.frame(x = x_major), aes(x = x, y = 0, label = x), vjust = -1.5, size = 3.5) +
    geom_vline(xintercept = 0, color = "black", linewidth = 0.8, linetype = "dotted") +
    annotate("text", x = 0, y = depth_ticks, label = depth_ticks, hjust = -0.2, vjust = 0.5, size = 3.5)
  
  print(p)
  
  filename <- paste0("Station_", st, "_depth_profile.pdf")
  ggsave(filename, plot = p, width = 10, height = 8, dpi = 300, bg = "white", device = "pdf")
  message("Saved: ", filename)


R-script for making the relative frequency + pore water chemistry

# ---- Setup and Dependencies ----
required <- c("readxl", "dplyr", "tidyr", "ggplot2", "cowplot", "scales", "stringr")
missing <- required[!vapply(required, requireNamespace, logical(1), quietly = TRUE)]
if (length(missing) > 0) install.packages(missing)

library(readxl)
library(dplyr)
library(tidyr)
library(ggplot2)
library(cowplot)
library(scales)
library(stringr)

# ---- Input and Output Settings ----
# File paths configured for standard repository structure
pw_file      <- "Namibia_PW-data.xlsx"
relfreq_file <- "relative_frequency_all_stations.xlsx"
output_dir   <- "output_plots"

dir.create(output_dir, showWarnings = FALSE)

# ---- Depth Geometry and Limits ----
bin_edges  <- c(0, 0.5, 1, 1.5, 2, 3, 4, 5, 6, 7, 8, 9, 10)
bin_labels <- c("0-0.5 cm", "0.5-1 cm", "1-1.5 cm", "1.5-2 cm", "2-3 cm", 
                "3-4 cm", "4-5 cm", "5-6 cm", "6-7 cm", "7-8 cm", "8-9 cm", "9-10 cm")

bin_lookup <- tibble(
  depth_top = bin_edges[-length(bin_edges)],
  depth_bot = bin_edges[-1],
  depth_bin = bin_labels,
  depth_mid = (depth_top + depth_bot) / 2
)

depth_scale <- function(show_axis = FALSE) {
  scale_y_reverse(
    name = if (show_axis) "Sediment depth (cm)" else NULL,
    breaks = 0:10,
    expand = expansion(mult = c(0, 0))
  )
}

depth_window <- coord_cartesian(ylim = c(10.12, -0.18), clip = "off")

# ---- Data Processing: Pore-water Chemistry ----
pw <- read_excel(pw_file, sheet = 1, skip = 1, na = c("", "NA")) %>%
  rename(
    cruise   = 1,
    station  = 2,
    depth_cm = 4,
    NH4      = 5,
    NO2      = 6,
    NO3      = 7,
    SRP      = 8,
    DIC      = 10,
    HS       = 11
  ) %>%
  mutate(
    cruise   = trimws(as.character(cruise)),
    station  = as.numeric(station),
    depth_cm = as.numeric(depth_cm),
    across(c(NH4, NO2, NO3, SRP, DIC, HS), as.numeric),
    # Convert umol L-1 to mmol L-1
    DIC_mM = DIC / 1000,
    NH4_mM = NH4 / 1000,
    HS_mM  = HS  / 1000
  )

# ---- Data Processing: Relative Frequency ----
read_relfreq_sheet <- function(sheet_name) {
  raw <- read_excel(relfreq_file, sheet = sheet_name, na = c("", "NA"))
  names(raw)[1:3] <- c("cruise", "station", "depth_mid")
  
  raw <- raw %>%
    mutate(
      cruise = trimws(as.character(cruise)),
      station = as.numeric(station),
      depth_mid = as.numeric(depth_mid)
    ) %>%
    filter(!is.na(depth_mid)) %>%
    left_join(bin_lookup, by = "depth_mid")
  
  species_cols <- setdiff(names(raw), c("cruise", "station", "depth_mid", "depth_top", "depth_bot", "depth_bin"))
  
  raw %>%
    filter(!is.na(depth_bin)) %>%
    pivot_longer(cols = all_of(species_cols), names_to = "species", values_to = "pct") %>%
    mutate(pct = coalesce(as.numeric(pct), 0)) %>%
    group_by(cruise, station, depth_mid, depth_top, depth_bot, depth_bin) %>%
    mutate(total = sum(pct)) %>%
    ungroup() %>%
    mutate(pct = if_else(total > 0, 100 * pct / total, 0)) %>%
    select(-total)
}

relfreq_all <- bind_rows(lapply(excel_sheets(relfreq_file), read_relfreq_sheet))

# ---- Plotting Themes and Configuration ----
stations <- tibble(
  cruise = c(rep("PE449", 7), "PE450"),
  station = c(2, 3, 4, 5, 6, 8, 10, 4),
  label = c("St. 2", "St. 3", "St. 4", "St. 5", "St. 6", "St. 8", "St. 10", "St. 133")
)

DIC_NH4_HS_LIMIT <- 14   # mmol L-1
NUTRIENT_LIMIT   <- 700  # umol L-1

chem_cols <- c(
  DIC = "#1B9E77",
  NH4 = "#D95F02",
  HS  = "#7570B3",
  NO3 = "#E7298A",
  SRP = "#66A61E"
)

base_theme <- theme_classic(base_size = 9) +
  theme(
    axis.line = element_line(linewidth = 0.4),
    axis.ticks = element_line(linewidth = 0.4),
    axis.ticks.length = grid::unit(2.25, "pt"),
    panel.grid.major.y = element_line(colour = "grey88", linewidth = 0.3),
    plot.title = element_text(face = "bold", hjust = 0.5, size = 11, margin = margin(b = 8)),
    plot.margin = margin(6, 4, 6, 4)
  )

# ---- Species Ordering Configuration ----
order_st2 <- c("bulimina costata", "bulimina marginata", "hyalinea balthica", 
               "uvigerina auberiana", "fursenkoina complanata", "others")

order_st8 <- c("rectuvigerina sp", "uvigerina auberiana", "globobulimina pyrula", 
               "ammonia falsobeccarii", "nonionella stella", "others")

order_other <- c("eubuliminella exilis", "fursenkoina complanata", "bolivina pacifica", 
                 "virgulinella fragilis", "nonionella stella", "others")

clean_species_key <- function(x) {
  x %>%
    str_replace("\\s*\\([^)]*\\)\\s*$", "") %>%
    str_replace("\\.\\s*$", "") %>%
    str_squish() %>%
    str_to_lower()
}

station_order <- function(cruise_id, station_id) {
  if (cruise_id == "PE449" && station_id == 2) return(order_st2)
  if (cruise_id == "PE449" && station_id == 8) return(order_st8)
  order_other
}

# ---- Plot Generators ----
make_panel_relfreq <- function(cruise_id, station_id) {
  order_keys <- station_order(cruise_id, station_id)
  
  dat <- relfreq_all %>%
    filter(cruise == cruise_id, station == station_id) %>%
    mutate(
      species_key = clean_species_key(species),
      species_key = if_else(species_key %in% order_keys, species_key, "others")
    ) %>%
    group_by(depth_mid, depth_top, depth_bot, depth_bin, species_key) %>%
    summarise(pct = sum(pct), .groups = "drop")
  
  dat <- tidyr::expand_grid(
    bin_lookup %>% select(depth_mid, depth_top, depth_bot, depth_bin),
    species_key = order_keys
  ) %>%
    left_join(dat, by = c("depth_mid", "depth_top", "depth_bot", "depth_bin", "species_key")) %>%
    mutate(
      pct = coalesce(pct, 0),
      species_key = factor(species_key, levels = order_keys)
    ) %>%
    arrange(depth_top, species_key) %>%
    group_by(depth_mid, depth_top, depth_bot, depth_bin) %>%
    mutate(
      xmax = cumsum(pct),
      xmin = xmax - pct
    ) %>%
    ungroup() %>%
    filter(pct > 0, xmax > xmin)
  
  ggplot(dat, aes(xmin = xmin, xmax = xmax, ymin = depth_top, ymax = depth_bot)) +
    geom_rect(fill = NA, colour = "black", linewidth = 0.35) +
    scale_x_continuous(name = "Relative abundance (%)", limits = c(0, 100), breaks = seq(0, 100, 20), expand = expansion(mult = c(0, 0.02))) +
    depth_scale(TRUE) +
    depth_window +
    labs(title = "Relative frequency") +
    base_theme
}

make_panel_dic_nh4_hs <- function(dat) {
  long <- dat %>%
    select(depth_cm, DIC_mM, NH4_mM, HS_mM) %>%
    pivot_longer(cols = c(DIC_mM, NH4_mM, HS_mM), names_to = "solute", values_to = "concentration_mM") %>%
    mutate(
      solute = recode(solute, DIC_mM = "DIC", NH4_mM = "NH4", HS_mM = "HS"),
      solute = factor(solute, levels = c("DIC", "NH4", "HS"))
    )
  
  ggplot(long, aes(x = concentration_mM, y = depth_cm, colour = solute)) +
    geom_path(linewidth = 0.35, na.rm = TRUE) +
    geom_point(size = 1.35, na.rm = TRUE) +
    scale_colour_manual(
      values = chem_cols[c("DIC", "NH4", "HS")],
      labels = c(DIC = "DIC", NH4 = expression(NH[4]^"+"), HS = expression(HS^"-")),
      name = NULL
    ) +
    scale_x_continuous(name = expression("Concentration (mmol L"^{-1} * ")"), limits = c(0, DIC_NH4_HS_LIMIT), breaks = seq(0, DIC_NH4_HS_LIMIT, 2), expand = expansion(mult = c(0.02, 0.02))) +
    depth_scale(FALSE) +
    depth_window +
    labs(title = expression("DIC, NH"[4]^"+" * ", and HS"^"-")) +
    base_theme +
    theme(axis.text.y = element_blank(), axis.ticks.y = element_blank(), legend.position = "bottom", legend.text = element_text(size = 8), legend.key.width = grid::unit(10, "pt"))
}

make_panel_nutrients <- function(dat) {
  long <- dat %>%
    select(depth_cm, NO3, SRP) %>%
    pivot_longer(-depth_cm, names_to = "solute", values_to = "value") %>%
    mutate(solute = factor(solute, levels = c("NO3", "SRP")))
  
  ggplot(long, aes(x = value, y = depth_cm, colour = solute)) +
    geom_path(linewidth = 0.35, na.rm = TRUE) +
    geom_point(size = 1.35, na.rm = TRUE) +
    scale_colour_manual(
      values = chem_cols[c("NO3", "SRP")],
      labels = c(NO3 = expression(NO[3]^"-"), SRP = "SRP"),
      name = NULL
    ) +
    scale_x_continuous(name = expression("Concentration (" * mu * "mol L"^{-1} * ")"), limits = c(0, NUTRIENT_LIMIT), breaks = seq(0, NUTRIENT_LIMIT, 100), expand = expansion(mult = c(0.02, 0.02))) +
    depth_scale(FALSE) +
    depth_window +
    labs(title = expression("NO"[3]^"-" * " and SRP")) +
    base_theme +
    theme(axis.text.y = element_blank(), axis.ticks.y = element_blank(), legend.position = "bottom", legend.text = element_text(size = 8), legend.key.width = grid::unit(10, "pt"))
}

# ---- Plot Assembly and Execution ----
plot_one_station <- function(cruise_id, station_id, station_label) {
  chem <- pw %>%
    filter(cruise == cruise_id, station == station_id, depth_cm >= 0, depth_cm <= 10) %>%
    arrange(depth_cm)
  
  if (nrow(chem) == 0) {
    stop("No pore-water data found for ", station_label, " / ", cruise_id)
  }
  
  p_relfreq <- make_panel_relfreq(cruise_id, station_id)
  p_major   <- make_panel_dic_nh4_hs(chem)
  p_nutr    <- make_panel_nutrients(chem)
  
  panel_row <- cowplot::plot_grid(
    p_relfreq, p_major, p_nutr,
    nrow = 1, rel_widths = c(1.45, 1.45, 1.20), align = "h", axis = "tb"
  )
  
  figure <- cowplot::plot_grid(
    cowplot::ggdraw() + cowplot::draw_label(paste0(station_label, " (", cruise_id, ")"), fontface = "bold", size = 13),
    panel_row,
    ncol = 1, rel_heights = c(0.08, 1)
  )
  
  file_stub <- paste0("Porewater_profile_", gsub(" ", "", station_label), "_", cruise_id)
  
  ggsave(
    filename = file.path(output_dir, paste0(file_stub, ".pdf")),
    plot = figure, width = 245, height = 130, units = "mm", device = cairo_pdf, bg = "white"
  )
}

for (i in seq_len(nrow(stations))) {
  message("Processing ", stations$label[i], " (", stations$cruise[i], ")")
  plot_one_station(
    cruise_id = stations$cruise[i],
    station_id = stations$station[i],
    station_label = stations$label[i]
  )
}

message("Output saved to: ", normalizePath(output_dir))
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