[bookmark: _GoBack]Supplementary Data:
Simulated datasets and code for Organism A, Organism B, and pH spatial analyses

#Organism A
install.packages("plotly")
library(plotly)

setwd("path/to/your/folder")

organism1 <- read.csv("JOVE Organism A.csv")
organism1 <- organism1[complete.cases(organism1[, c("Pen", "Y", "X", "Log_10_CFU")]), ]

org1_means <- aggregate(Log_10_CFU ~ Pen + Y + X, data = organism1, FUN = mean, na.rm = TRUE)
org1_P1 <- subset(org1_means, Pen == "P1")

x_vals_1 <- sort(unique(org1_P1$X))
y_vals_1 <- sort(unique(org1_P1$Y))

org1_mat_P1 <- matrix(org1_P1$Log_10_CFU, nrow = length(y_vals_1), ncol = length(x_vals_1), byrow = FALSE)

for(i in 1:ncol(org1_mat_P1)) {
  org1_mat_P1[is.na(org1_mat_P1[, i]), i] <- mean(org1_mat_P1[, i], na.rm = TRUE)
}

figA <- plot_ly(
  x = x_vals_1,
  y = y_vals_1,
  z = org1_mat_P1,
  type = "surface",
  colors = colorRamp(c("darkblue", "green"))
)

figA <- figA %>%
  add_trace(
    x = c(1, 1), y = c(1, 2), z = c(8.5, 8.5),
    type = "scatter3d",
    mode = "lines",
    line = list(color = "#4f1000", width = 8),
    name = "Entrance Door"
  ) %>%
  add_text(
    x = 1, y = 1.5, z = 8.6,
    text = "Entrance",
    textfont = list(size = 14, color = "#1f0010"),
    showlegend = FALSE
  )

center_x <- 4
center_y <- 3.5
radius <- 0.5
theta <- seq(0, 2 * pi, length.out = 100)
circle_x <- center_x + radius * cos(theta)
circle_y <- center_y + radius * sin(theta)
circle_z <- rep(8.5, length(theta))

figA <- figA %>%
  add_trace(
    x = circle_x, y = circle_y, z = circle_z,
    type = "scatter3d",
    mode = "lines",
    line = list(color = "red", width = 3),
    name = "Feeder"
  ) %>%
  add_text(
    x = center_x, y = center_y, z = 8.6,
    text = "Feeder",
    textfont = list(size = 14, color = "red"),
    showlegend = FALSE
  )

center_x <- 7
center_y <- 3.5
radius <- 0.5
theta <- seq(0, 2 * pi, length.out = 100)
circle_x <- center_x + radius * cos(theta)
circle_y <- center_y + radius * sin(theta)
circle_z <- rep(8.5, length(theta))

figA <- figA %>%
  add_trace(
    x = circle_x, y = circle_y, z = circle_z,
    type = "scatter3d",
    mode = "lines",
    line = list(color = "red", width = 3),
    name = "Feeder"
  ) %>%
  add_text(
    x = center_x, y = center_y, z = 8.6,
    text = "Feeder",
    textfont = list(size = 14, color = "red"),
    showlegend = FALSE
  )

figA <- figA %>%
  add_trace(
    x = c(1, 5), y = c(6, 6), z = c(8.5, 8.5),
    type = "scatter3d",
    mode = "lines",
    line = list(color = "#1f77b4", width = 8),
    name = "Water Line"
  ) %>%
  add_text(
    x = 3, y = 6, z = 8.6,
    text = "Water Line",
    textfont = list(size = 14, color = "darkblue"),
    showlegend = FALSE
  )

figA <- figA %>%
  add_surface(
    x = matrix(c(7, 9, 7, 9), nrow = 2),
    y = matrix(c(4, 4, 6, 6), nrow = 2),
    z = matrix(8.7, nrow = 2, ncol = 2),
    showscale = FALSE,
    opacity = 0.6,
    surfacecolor = matrix(1, nrow = 2, ncol = 2),
    colorscale = list(c(0, "orange"), c(1, "orange")),
    name = "Heating Lamp"
  ) %>%
  add_text(
    x = 8, y = 5, z = 8.8,
    text = "Heating Lamp",
    textfont = list(size = 14, color = "orange"),
    showlegend = FALSE
  )

figA <- figA %>%
  layout(
    title = "Simulated Organism A",
    scene = list(
      xaxis = list(
        title = "X (meters)",
        tickvals = x_vals_1,
        ticktext = x_vals_1,
        range = c(min(x_vals_1), max(x_vals_1))
      ),
      yaxis = list(
        title = "Y (meters)",
        tickvals = y_vals_1,
        ticktext = y_vals_1,
        range = c(min(y_vals_1), max(y_vals_1))
      ),
      zaxis = list(
        title = "log10 CFU"
      )
    )
  )
figA

#Organism B
organism2 <- read.csv("JOVE Organism B.csv")
organism2 <- organism2[complete.cases(organism2[, c("Pen", "Y", "X", "Log_10_CFU")]), ]

org2_means <- aggregate(Log_10_CFU ~ Pen + Y + X, data = organism2, FUN = mean, na.rm = TRUE)
org2_P1 <- subset(org2_means, Pen == "P1")

x_vals_2 <- sort(unique(org2_P1$X))
y_vals_2 <- sort(unique(org2_P1$Y))

org2_mat_P1 <- matrix(org2_P1$Log_10_CFU, nrow = length(y_vals_2), ncol = length(x_vals_2), byrow = FALSE)

for(i in 1:ncol(org2_mat_P1)) {
  org2_mat_P1[is.na(org2_mat_P1[, i]), i] <- mean(org2_mat_P1[, i], na.rm = TRUE)
}

figB <- plot_ly(
  x = x_vals_2,
  y = y_vals_2,
  z = org2_mat_P1,
  type = "surface",
  colors = colorRamp(c("darkblue", "green"))
)

figB <- figB %>%
  add_trace(
    x = c(1, 1), y = c(1, 2), z = c(8.5, 8.5),
    type = "scatter3d",
    mode = "lines",
    line = list(color = "#4f1000", width = 8),
    name = "Entrance Door"
  ) %>%
  add_text(
    x = 1, y = 1.5, z = 8.6,
    text = "Entrance",
    textfont = list(size = 14, color = "#1f0010"),
    showlegend = FALSE
  )

center_x <- 4
center_y <- 3.5
radius <- 0.5
theta <- seq(0, 2 * pi, length.out = 100)
circle_x <- center_x + radius * cos(theta)
circle_y <- center_y + radius * sin(theta)
circle_z <- rep(8.5, length(theta))

figB <- figB %>%
  add_trace(
    x = circle_x, y = circle_y, z = circle_z,
    type = "scatter3d",
    mode = "lines",
    line = list(color = "red", width = 3),
    name = "Feeder"
  ) %>%
  add_text(
    x = center_x, y = center_y, z = 8.6,
    text = "Feeder",
    textfont = list(size = 14, color = "red"),
    showlegend = FALSE
  )

center_x <- 7
center_y <- 3.5
radius <- 0.5
theta <- seq(0, 2 * pi, length.out = 100)
circle_x <- center_x + radius * cos(theta)
circle_y <- center_y + radius * sin(theta)
circle_z <- rep(8.5, length(theta))

figB <- figB %>%
  add_trace(
    x = circle_x, y = circle_y, z = circle_z,
    type = "scatter3d",
    mode = "lines",
    line = list(color = "red", width = 3),
    name = "Feeder"
  ) %>%
  add_text(
    x = center_x, y = center_y, z = 8.6,
    text = "Feeder",
    textfont = list(size = 14, color = "red"),
    showlegend = FALSE
  )

figB <- figB %>%
  add_trace(
    x = c(1, 5), y = c(6, 6), z = c(8.5, 8.5),
    type = "scatter3d",
    mode = "lines",
    line = list(color = "#1f77b4", width = 8),
    name = "Water Line"
  ) %>%
  add_text(
    x = 3, y = 6, z = 8.6,
    text = "Water Line",
    textfont = list(size = 14, color = "darkblue"),
    showlegend = FALSE
  )

figB <- figB %>%
  add_surface(
    x = matrix(c(7, 9, 7, 9), nrow = 2),
    y = matrix(c(4, 4, 6, 6), nrow = 2),
    z = matrix(8.7, nrow = 2, ncol = 2),
    showscale = FALSE,
    opacity = 0.6,
    surfacecolor = matrix(1, nrow = 2, ncol = 2),
    colorscale = list(c(0, "orange"), c(1, "orange")),
    name = "Heating Lamp"
  ) %>%
  add_text(
    x = 8, y = 5, z = 8.8,
    text = "Heating Lamp",
    textfont = list(size = 14, color = "orange"),
    showlegend = FALSE
  )

figB <- figB %>%
  layout(
    title = "Simulated Organism B",
    scene = list(
      xaxis = list(
        title = "X (meters)",
        tickvals = x_vals_2,
        ticktext = x_vals_2,
        range = c(min(x_vals_2), max(x_vals_2))
      ),
      yaxis = list(
        title = "Y (meters)",
        tickvals = y_vals_2,
        ticktext = y_vals_2,
        range = c(min(y_vals_2), max(y_vals_2))
      ),
      zaxis = list(
        title = "log10 CFU"
      )
    )
  )
figB

#pH
ph_data <- read.csv("JOVE pH.csv")
ph_data <- ph_data[complete.cases(ph_data[, c("Y", "X", "pH")]), ]

ph_means <- aggregate(pH ~ Y + X, data = ph_data, FUN = mean, na.rm = TRUE)

x_vals_ph <- sort(unique(ph_means$X))
y_vals_ph <- sort(unique(ph_means$Y))

ph_mat <- matrix(ph_means$pH, nrow = length(y_vals_ph), ncol = length(x_vals_ph), byrow = FALSE)

for(i in 1:ncol(ph_mat)) {
  ph_mat[is.na(ph_mat[, i]), i] <- mean(ph_mat[, i], na.rm = TRUE)
}

figpH <- plot_ly(
  x = x_vals_ph,
  y = y_vals_ph,
  z = ph_mat,
  type = "surface",
  colors = colorRamp(c("red", "yellow", "blue"))
)

figpH <- figpH %>%
  add_trace(
    x = c(1, 1), y = c(1, 2), z = c(6.4, 6.4),
    type = "scatter3d",
    mode = "lines",
    line = list(color = "#4f1000", width = 8),
    name = "Entrance Door"
  ) %>%
  add_text(
    x = 1, y = 1.5, z = 6.5,
    text = "Entrance",
    textfont = list(size = 14, color = "#1f0010"),
    showlegend = FALSE
  )

for(feeder_x in c(4, 7)) {
  center_y <- 3.5
  radius <- 0.5
  theta <- seq(0, 2 * pi, length.out = 100)
  circle_x <- feeder_x + radius * cos(theta)
  circle_y <- center_y + radius * sin(theta)
  circle_z <- rep(6.4, length(theta))

  figpH <- figpH %>%
    add_trace(
      x = circle_x, y = circle_y, z = circle_z,
      type = "scatter3d",
      mode = "lines",
      line = list(color = "red", width = 3),
      name = "Feeder"
    ) %>%
    add_text(
      x = feeder_x, y = center_y, z = 6.5,
      text = "Feeder",
      textfont = list(size = 14, color = "red"),
      showlegend = FALSE
    )
}

figpH <- figpH %>%
  add_trace(
    x = c(1, 5), y = c(6, 6), z = c(6.4, 6.4),
    type = "scatter3d",
    mode = "lines",
    line = list(color = "#1f77b4", width = 8),
    name = "Water Line"
  ) %>%
  add_text(
    x = 3, y = 6, z = 6.5,
    text = "Water Line",
    textfont = list(size = 14, color = "darkblue"),
    showlegend = FALSE
  )

figpH <- figpH %>%
  add_surface(
    x = matrix(c(7, 9, 7, 9), nrow = 2),
    y = matrix(c(4, 4, 6, 6), nrow = 2),
    z = matrix(6.6, nrow = 2, ncol = 2),
    showscale = FALSE,
    opacity = 0.6,
    surfacecolor = matrix(1, nrow = 2, ncol = 2),
    colorscale = list(c(0, "orange"), c(1, "orange")),
    name = "Heating Lamp"
  ) %>%
  add_text(
    x = 8, y = 5, z = 6.7,
    text = "Heating Lamp",
    textfont = list(size = 14, color = "orange"),
    showlegend = FALSE
  )

figpH <- figpH %>%
  layout(
    title = "Simulated pH",
    scene = list(
      xaxis = list(
        title = "X (meters)",
        tickvals = x_vals_ph,
        ticktext = x_vals_ph,
        range = c(min(x_vals_ph), max(x_vals_ph))
      ),
      yaxis = list(
        title = "Y (meters)",
        tickvals = y_vals_ph,
        ticktext = y_vals_ph,
        range = c(min(y_vals_ph), max(y_vals_ph))
      ),
      zaxis = list(
        title = "pH"
      )
    )
  )
figpH
