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library(ggplot2)
library(dplyr)
library(readxl)
library(plotly)
library(cowplot)
library(ggraph)
library(tidygraph)
library(igraph)
library(bipartite)
library(MixSIAR)
library(R2jags)
library(doParallel)
library(SIBER)

setwd("~/Desktop/...")

data_test <- read_excel("POM_MPBB.xlsx")
data_pred <- read_excel("consumer.xlsx")
data_PLA <- read_excel("PLA.xlsx")
data_ori <- read_excel("FWA_EST_BAY.xlsx")

## Water and Carbon origins - Mean +/- SD

ori_mean <- data_ori %>%
  mutate(d13C = as.numeric(d13C), d15N = as.numeric(d15N)) %>%
  group_by(group) %>%
  summarise(d13C_mean = mean(d13C  , na.rm=T ), d13C_sd = sd(d13C  , na.rm=T  ),
            d15N_mean = mean(d15N  , na.rm=T ), d15N_sd = sd(d15N  , na.rm=T )) %>%
  mutate(type = c("EST", "FWA", "BAY"))

ori_mean %>%
  ggplot() +
  geom_point(aes(d13C_mean, d15N_mean, color=factor(group)), size = 2) +
  geom_errorbar(aes(x=d13C_mean, y=d15N_mean,xmin=d13C_mean-d13C_sd, xmax=d13C_mean+d13C_sd,color=factor(group)), width=.2) +
  geom_errorbar(aes(x=d13C_mean, y=d15N_mean,ymin=d15N_mean-d15N_sd, ymax=d15N_mean+d15N_sd,color=factor(group)), width=.2) +
  ylab({delta}^15*N~'\u2030') +
  xlab({delta}^13*C~'\u2030') +
  theme_classic()

## POM, MPBB and PLA origins Mean +/- SD

POM_mean <- data_test %>%
  mutate(d13C = as.numeric(d13C),
         d15N = as.numeric(d15N),
         site_year =paste(location, year, sep="_")) %>%
  filter(species_name =="POM") %>%
  group_by(group) %>%
  summarise(d13C_mean = mean(d13C  , na.rm=T ), d13C_sd = sd(d13C  , na.rm=T  ),
            d15N_mean = mean(d15N  , na.rm=T ), d15N_sd = sd(d15N  , na.rm=T )) %>%
  mutate(type = c("POM-EST", " POM-FWA", "POM-BAY"))

POM_mean %>%
  ggplot() +
  geom_point(aes(d13C_mean, d15N_mean, color=factor(group)), size = 2) +
  geom_errorbar(aes(x=d13C_mean, y=d15N_mean,xmin=d13C_mean-d13C_sd, xmax=d13C_mean+d13C_sd,color=factor(group)), width=.2) +
  geom_errorbar(aes(x=d13C_mean, y=d15N_mean,ymin=d15N_mean-d15N_sd, ymax=d15N_mean+d15N_sd,color=factor(group)), width=.2) +
  ylab("delta N") +
  xlab("delta C") +
  theme_classic()

Micro_mean <- data_test %>%
  mutate(d13C = as.numeric(d13C),
         d15N = as.numeric(d15N),
         site_year =paste(location, year, sep="_")) %>%
  filter(species_name =="Microphytobenthos") %>%
  group_by(group) %>%
  summarise(d13C_mean = mean(d13C  , na.rm=T ), d13C_sd = sd(d13C  , na.rm=T  ),
            d15N_mean = mean(d15N  , na.rm=T ), d15N_sd = sd(d15N  , na.rm=T )) %>%
  mutate(type = c("MPBB-EST", "MPBB-FWA", "MPBB-BAY"))

Micro_mean %>%
  ggplot() +
  geom_point(aes(d13C_mean, d15N_mean, color=factor(group)), size = 2) +
  geom_errorbar(aes(x=d13C_mean, y=d15N_mean,xmin=d13C_mean-d13C_sd, xmax=d13C_mean+d13C_sd,color=factor(group)), width=.2) +
  geom_errorbar(aes(x=d13C_mean, y=d15N_mean,ymin=d15N_mean-d15N_sd, ymax=d15N_mean+d15N_sd,color=factor(group)), width=.2) +
  ylab("delta N") +
  xlab("delta C") +
  theme_classic()

PLA_mean <- data_PLA %>%
  mutate(d13C = as.numeric(d13C),
         d15N = as.numeric(d15N)) %>%
  group_by(origin) %>%
  summarise(d13C_mean = mean(d13C  , na.rm=T ), d13C_sd = sd(d13C  , na.rm=T  ),
            d15N_mean = mean(d15N  , na.rm=T ), d15N_sd = sd(d15N  , na.rm=T )) %>%
  mutate(type = c("PLA-EST", "PLA-FWA", "PLA-BAY"))

PLA_mean %>%
  ggplot() +
  geom_point(aes(d13C_mean, d15N_mean, color=factor(origin)), size = 2) +
  geom_errorbar(aes(x=d13C_mean, y=d15N_mean,xmin=d13C_mean-d13C_sd, xmax=d13C_mean+d13C_sd,color=factor(origin)), width=.2) +
  geom_errorbar(aes(x=d13C_mean, y=d15N_mean,ymin=d15N_mean-d15N_sd, ymax=d15N_mean+d15N_sd,color=factor(origin)), width=.2) +
  ylab("delta N") +
  xlab("delta C") +
  theme_classic()

## consumer Mean +/- SD
data_pred_mean <- data_pred %>%
  mutate(d13C = as.numeric(d13C), d15N = as.numeric(d15N)) %>%
  group_by(group, community) %>%
  summarise(d13C_mean = mean(d13C  , na.rm=T ), d13C_sd = sd(d13C  , na.rm=T  ),
            d15N_mean = mean(d15N  , na.rm=T ), d15N_sd = sd(d15N  , na.rm=T ))

data_pred_mean %>%
  ggplot() +
  geom_point(aes(d13C_mean, d15N_mean, color=factor(group)), size = 2) +
  geom_errorbar(aes(x=d13C_mean, y=d15N_mean,xmin=d13C_mean-d13C_sd, xmax=d13C_mean+d13C_sd,color=factor(group)), width=.2) +
  geom_errorbar(aes(x=d13C_mean, y=d15N_mean,ymin=d15N_mean-d15N_sd, ymax=d15N_mean+d15N_sd,color=factor(group)), width=.2) +
  ylab({delta}^15*N~'\u2030') +
  xlab({delta}^13*C~'\u2030') +
  theme_classic()

# Figure 2

data_pred <- data_pred %>%
  mutate(d13C = as.numeric(d13C),
         d15N = as.numeric(d15N))

A<-ggplot() +
  geom_point(aes(d13C_mean, d15N_mean), size = 3,  shape = 15,data = ori_mean) +
  geom_errorbar(aes(x=d13C_mean, y=d15N_mean,xmin=d13C_mean-d13C_sd, xmax=d13C_mean+d13C_sd), linetype= "dashed", width=.2, data = ori_mean) +
  geom_errorbar(aes(x=d13C_mean, y=d15N_mean,ymin=d15N_mean-d15N_sd, ymax=d15N_mean+d15N_sd), linetype= "dashed", width=.2, data = ori_mean) +
  geom_text( aes(x=d13C_mean, y=d15N_mean, label = type) , size=3,  vjust = 2, hjust = 1.1,  data = ori_mean) +
  
  geom_point(aes(d13C_mean, d15N_mean, color=group, shape = community), size = 3, data = data_pred_mean) +
  geom_errorbar(aes(x=d13C_mean, y=d15N_mean,xmin=d13C_mean-d13C_sd, xmax=d13C_mean+d13C_sd, color=group), width=.2, data = data_pred_mean) +
  geom_errorbar(aes(x=d13C_mean, y=d15N_mean,ymin=d15N_mean-d15N_sd, ymax=d15N_mean+d15N_sd, color=group), width=.2, data = data_pred_mean) +
  scale_color_viridis(discrete=TRUE) +
  
  ylab({delta}^15*N~'\u2030') +
  xlab({delta}^13*C~'\u2030') +
  theme_bw() +
  theme(legend.position = "none")

B<-ggplot() +
  geom_point(aes(d13C_mean, d15N_mean), size = 3,  shape = 17, data = POM_mean) +
  geom_errorbar(aes(x=d13C_mean, y=d15N_mean,xmin=d13C_mean-d13C_sd, xmax=d13C_mean+d13C_sd), linetype= "dashed", width=.2, data = POM_mean) +
  geom_errorbar(aes(x=d13C_mean, y=d15N_mean,ymin=d15N_mean-d15N_sd, ymax=d15N_mean+d15N_sd), linetype= "dashed", width=.2, data = POM_mean) +
  geom_text( aes(x=d13C_mean, y=d15N_mean, label = type) , size = 3,  vjust = 2, hjust = 1.1,  data = POM_mean) +
  
  geom_point(aes(d13C_mean, d15N_mean), size = 3,  shape = 17, data = Micro_mean) +
  geom_errorbar(aes(x=d13C_mean, y=d15N_mean,xmin=d13C_mean-d13C_sd, xmax=d13C_mean+d13C_sd), linetype= "dotdash", width=.2, data = Micro_mean) +
  geom_errorbar(aes(x=d13C_mean, y=d15N_mean,ymin=d15N_mean-d15N_sd, ymax=d15N_mean+d15N_sd), linetype= "dotdash", width=.2, data = Micro_mean) +
  geom_text( aes(x=d13C_mean, y=d15N_mean, label = type) , size = 3,  vjust = 2, hjust = 1.1,  data = Micro_mean) +
  
  geom_point(aes(d13C_mean, d15N_mean), size = 3,  shape = 17, data = PLA_mean) +
  geom_errorbar(aes(x=d13C_mean, y=d15N_mean,xmin=d13C_mean-d13C_sd, xmax=d13C_mean+d13C_sd), linetype= "dotted", width=.2, data = PLA_mean) +
  geom_errorbar(aes(x=d13C_mean, y=d15N_mean,ymin=d15N_mean-d15N_sd, ymax=d15N_mean+d15N_sd), linetype= "dotted", width=.2, data = PLA_mean) +
  geom_text( aes(x=d13C_mean, y=d15N_mean, label = type) , size = 3,  vjust = 2, hjust = 1.1,  data = PLA_mean) +
  
  geom_point(aes(d13C, d15N, color=group, shape = community), size = 1.5, data = data_pred) +
  stat_ellipse(aes(d13C, d15N, color=group),  data = data_pred) +
  scale_color_viridis(discrete=TRUE) +
  
  ylab({delta}^15*N~'\u2030') +
  xlab({delta}^13*C~'\u2030') +
  theme_bw()

plot_grid(A, B, labels=c("A", "B"), ncol = 2, nrow = 1, rel_widths =c(1,2.25))

# MixSIAR

set.seed(1234)

## MixSIAR Anguilla anguilla - water origin (FW, EST, MAR)

mix.anguilla <- file.path("~/Desktop/.../anguilla.csv")
mix.sourceori <- file.path("~/Desktop/.../ori.csv")
mix.TEF_ori <- file.path("~/Desktop/.../TEF_ori.csv")
mix <- load_mix_data(filename=mix.anguilla, iso_names=c("d13C","d15N"), factors=NULL, fac_random=NULL, fac_nested=NULL, cont_effects=NULL)
source <- load_source_data(filename=mix.sourceori, source_factors=NULL, conc_dep=FALSE, data_type="means", mix)
discr <- load_discr_data(filename=mix.TEF_ori, mix)

model_anguilla <- "MixSIAR_Anguilla_ori_long.txt"
resid_err <- TRUE
process_err <- TRUE
write_JAGS_model(model_anguilla, resid_err, process_err, mix, source)
jags.anguilla_ori <- run_model(run="long",mix,source,discr,model_anguilla,resid_err,process_err)
output_JAGS(jags.anguilla_ori, mix, source)

## MixSIAR Mugilidae - water origin (FW, EST, MAR)

mix.Mugilidae <- file.path("~/Desktop/.../Mugiljuv.csv")
mix.sourceori <- file.path("~/Desktop/.../ori.csv")
mix.TEF_ori <- file.path("~/Desktop/.../TEF_ori.csv")
mix <- load_mix_data(filename=mix.Mugilidae, iso_names=c("d13C","d15N"), factors=NULL, fac_random=NULL, fac_nested=NULL, cont_effects=NULL)
source <- load_source_data(filename=mix.sourceori, source_factors=NULL, conc_dep=FALSE, data_type="means", mix)
discr <- load_discr_data(filename=mix.TEF_ori, mix)

model_Mugilidae <- "MixSIAR_Mugilidae_ori_long.txt"
resid_err <- TRUE
process_err <- TRUE
write_JAGS_model(model_Mugilidae, resid_err, process_err, mix, source)
jags.Mugilidae_ori <- run_model(run="long",mix,source,discr,model_Mugilidae,resid_err,process_err)
output_JAGS(jags.Mugilidae_ori, mix, source)

## MixSIAR Salmo trutta juveniles - water origin (FW, EST, MAR)

mix.Salmo <- file.path("~/Desktop/.../salmotrutjuv.csv")
mix.sourceori <- file.path("~/Desktop/.../ori.csv")
mix.TEF_ori < -file.path("~/Desktop/.../TEF_ori.csv")
mix <- load_mix_data(filename=mix.Salmo, iso_names=c("d13C","d15N"), factors=NULL, fac_random=NULL, fac_nested=NULL, cont_effects=NULL)
source <- load_source_data(filename=mix.sourceori, source_factors=NULL, conc_dep=FALSE, data_type="means", mix)
discr <- load_discr_data(filename=mix.TEF_ori, mix)

model_Salmo <- "MixSIAR_SalmotrutJuv_ori_long.txt"
resid_err <- TRUE
process_err <- TRUE
write_JAGS_model(model_Salmo, resid_err, process_err, mix, source)
jags.Salmo_ori <- run_model(run="long",mix,source,discr,model_Salmo,resid_err,process_err)
output_JAGS(jags.Salmo_ori, mix, source)

## MixSIAR Platichthys flesus - water origin (FW, EST, MAR)

mix.Pflesus <- file.path("~/Desktop/.../Pflesus.csv")
mix.sourceori <- file.path("~/Desktop/.../ori.csv")
mix.TEF_ori <- file.path("~/Desktop/.../TEF_ori.csv")
mix <- load_mix_data(filename=mix.Pflesus, iso_names=c("d13C","d15N"), factors=NULL, fac_random=NULL, fac_nested=NULL, cont_effects=NULL)
source <- load_source_data(filename=mix.sourceori, source_factors=NULL, conc_dep=FALSE, data_type="means", mix)
discr <- load_discr_data(filename=mix.TEF_ori, mix)

model_Pflesus <- "MixSIAR_Pflesus_ori_long.txt"
resid_err <- TRUE
process_err <- TRUE
write_JAGS_model(model_Pflesus, resid_err, process_err, mix, source)
jags.Pflesus_ori <- run_model(run="long",mix,source,discr,model_Pflesus,resid_err,process_err)
output_JAGS(jags.Pflesus_ori, mix, source)

## MixSIAR Petromyzon marinus - water origin (FW, EST, MAR)

mix.lamprey <- file.path("~/Desktop/.../Pmar.csv")
mix.sourceori <- file.path("~/Desktop/.../ori.csv")
mix.TEF_ori <- file.path("~/Desktop/.../TEF_ori.csv")
mix <- load_mix_data(filename=mix.lamprey, iso_names=c("d13C","d15N"), factors=NULL, fac_random=NULL, fac_nested=NULL, cont_effects=NULL)
source <- load_source_data(filename=mix.sourceori, source_factors=NULL, conc_dep=FALSE, data_type="means", mix)
discr <- load_discr_data(filename=mix.TEF_ori, mix)

model_lamprey <- "MixSIAR_Pmar_ori_long.txt"
resid_err <- TRUE
process_err <- TRUE
write_JAGS_model(model_lamprey, resid_err, process_err, mix, source)
jags.lamprey_ori <- run_model(run="long",mix,source,discr,model_lamprey,resid_err,process_err)
output_JAGS(jags.lamprey_ori, mix, source)

## MixSIAR Lampetra fluviatilis - water origin (FW, EST, MAR)

mix.lamprey <- file.path("~/Desktop/.../Lfluv.csv")
mix.sourceori <- file.path("~/Desktop/.../ori.csv")
mix.TEF_ori <- file.path("~/Desktop/.../TEF_fluv.csv")
mix <- load_mix_data(filename=mix.lamprey, iso_names=c("d13C","d15N"), factors=NULL, fac_random=NULL, fac_nested=NULL, cont_effects=NULL)
source <- load_source_data(filename=mix.sourceori, source_factors=NULL, conc_dep=FALSE, data_type="means", mix)
discr <- load_discr_data(filename=mix.TEF_ori, mix)

model_lamprey <- "MixSIAR_Lfluv_ori_long.txt"
resid_err <- TRUE
process_err <- TRUE
write_JAGS_model(model_lamprey, resid_err, process_err, mix, source)
jags.lamprey_ori <- run_model(run="long",mix,source,discr,model_lamprey,resid_err,process_err)
output_JAGS(jags.lamprey_ori, mix, source)

# MixSIAR Anguilla anguilla - Carbon origin - Freshwater carbon - sources as categories (POM_FWA, MPBB_FWA, Plan_FW)

mix.anguilla <- file.path("~/Desktop/.../anguilla.csv")
mix.source <- file.path("~/Desktop/.../FWA.csv")
mix.TEF <- file.path("~/Desktop/.../TEF_FWA.csv")
mix <- load_mix_data(filename=mix.anguilla, iso_names=c("d13C","d15N"), factors=NULL, fac_random=NULL, fac_nested=NULL, cont_effects=NULL)
source <- load_source_data(filename=mix.source, source_factors=NULL, conc_dep=FALSE, data_type="means", mix)
discr <- load_discr_data(filename=mix.TEF, mix)

model_anguilla <- "MixSIAR_Anguilla_FWA_Long.txt"
resid_err <- TRUE
process_err <- TRUE
write_JAGS_model(model_anguilla, resid_err, process_err, mix, source)
jags.anguilla_FW <- run_model(run="long",mix,source, discr,model_anguilla,resid_err,process_err)
output_JAGS(jags.anguilla_FWA, mix, source)

## MixSIAR Salmo trutta juveniles - Carbon origin - Freshwater carbon - sources as categories (POM_FWA, MPBB_FWA, Plan_FW)

mix.Salmo <- file.path("~/Desktop/.../salmotrutjuv.csv")
mix.source <- file.path("~/Desktop/.../FWA.csv")
mix.TEF_FW <- file.path("~/Desktop/.../TEF_FWA.csv")
mix <- load_mix_data(filename=mix.Salmo, iso_names=c("d13C","d15N"), factors=NULL, fac_random=NULL, fac_nested=NULL, cont_effects=NULL)
source <- load_source_data(filename=mix.source, source_factors=NULL, conc_dep=FALSE, data_type="means", mix)
discr <- load_discr_data(filename=mix.TEF_FW, mix)

model_Salmo <- "MixSIAR_SalmotrutJuv_FWA_Long.txt"
resid_err <- TRUE
process_err <- TRUE
write_JAGS_model(model_Salmo, resid_err, process_err, mix, source)
jags.Salmo_FW <- run_model(run="long",mix,source,discr,model_Salmo,resid_err,process_err)
output_JAGS(jags.Salmo_FWA, mix, source)

## MixSIAR Petromyzon marinus - Carbon origin - Freshwater carbon - sources as categories (POM_FWA, MPBB_FWA, Plan_FW, POM_EST, MPB_EST, Plan_EST)

mix.lamprey <- file.path("~/Desktop/.../Pmar.csv")
mix.source <- file.path("~/Desktop/.../FWA.csv")
mix.TEF_FWEST <- file.path("~/Desktop/.../TEF_FWA.csv")
mix <- load_mix_data(filename=mix.lamprey, iso_names=c("d13C","d15N"), factors=NULL, fac_random=NULL, fac_nested=NULL, cont_effects=NULL)
source <- load_source_data(filename=mix.source, source_factors=NULL, conc_dep=FALSE, data_type="means", mix)
discr <- load_discr_data(filename=mix.TEF_FWEST, mix)

model_lamprey <- "MixSIAR_Pmar_FWA_Long.txt"
resid_err <- TRUE
process_err <- TRUE
write_JAGS_model(model_lamprey, resid_err, process_err, mix, source)
jags.lamprey_FWEST <- run_model(run="long",mix,source,discr,model_lamprey,resid_err,process_err)
output_JAGS(jags.lamprey_FWA, mix, source)

## MixSIAR Lampetra fluviatilis - Carbon origin - Marine carbon - sources as categories (POM_BAY MPBB_BAY, PLA_BAY)

mix.lamprey <- file.path("~/Desktop/.../Lfluv.csv")
mix.source <- file.path("~/Desktop/.../BAY.csv")
mix.TEF_BAY <- file.path("~/Desktop/.../TEF_BAY.csv")
mix <- load_mix_data(filename=mix.lamprey, iso_names=c("d13C","d15N"), factors=NULL, fac_random=NULL, fac_nested=NULL, cont_effects=NULL)
source <- load_source_data(filename=mix.source, source_factors=NULL, conc_dep=FALSE, data_type="means", mix)
discr <- load_discr_data(filename=mix.TEF_BAY, mix)

model_lamprey <- "MixSIAR_Lfluv_BAY_Long.txt"
resid_err <- TRUE
process_err <- TRUE
write_JAGS_model(model_lamprey, resid_err, process_err, mix, source)
jags.lamprey_BAY <- run_model(run="long",mix,source, discr,model_lamprey,resid_err,process_err)
output_JAGS(jags.lamprey_BAY, mix, source)

## MixSIAR Mugilidae - Carbon origin - Freshwater carbon - sources as categories (POM_FWA, MPBB_FWA, PLA_FWA, POM_BAY MPBB_BAY, PLA_BAY)

mix.Mugilidae <- file.path("~/Desktop/.../Mugiljuv.csv")
mix.source <- file.path("~/Desktop/.../FWA_BAY.csv")
mix.TEF_FWA_BAY <- file.path("~/Desktop/.../TEF_FWA_BAY.csv")
mix <- load_mix_data(filename=mix.Mugilidae, iso_names=c("d13C","d15N"), factors=NULL, fac_random=NULL, fac_nested=NULL, cont_effects=NULL)
source <- load_source_data(filename=mix.source, source_factors=NULL, conc_dep=FALSE, data_type="means", mix)
discr <- load_discr_data(filename=mix.TEF_FWA_BAY, mix)

model_Mugilidae <- "MixSIAR_Mugilidae_FWA_BAY_Long.txt"
resid_err <- TRUE
process_err <- TRUE
write_JAGS_model(model_Mugilidae, resid_err, process_err, mix, source)
jags.Mugilidae_FWA_BAY <- run_model(run="long",mix,source,discr,model_Mugilidae,resid_err,process_err)
output_JAGS(jags.Mugilidae_FWA_BAY, mix, source)

## MixSIAR Platichthys flesus - Carbon origin - Freshwater carbon - sources as categories (POM_FWA MPBB_FWA, PLA_FWA, POM_BAY MPBB_BAY, PLA_BAY)

mix.Pflesus <- file.path("~/Desktop/.../Pflesus.csv")
mix.source <- file.path("~/Desktop/.../FWA_BAY.csv")
mix.TEF_FWA_BAY <- file.path("~/Desktop/.../TEF_FWA_BAY.csv")
mix <- load_mix_data(filename=mix.Pflesus, iso_names=c("d13C","d15N"), factors=NULL, fac_random=NULL, fac_nested=NULL, cont_effects=NULL)
source <- load_source_data(filename=mix.source, source_factors=NULL, conc_dep=FALSE, data_type="means", mix)
discr <- load_discr_data(filename=mix.TEF_FWA_BAY, mix)

model_Pflesus <- "MixSIAR_Pflesus_FWA_BAY_Long.txt"
resid_err <- TRUE
process_err <- TRUE
write_JAGS_model(model_Pflesus, resid_err, process_err, mix, source)
jags.Pflesus_FWA_BAY <- run_model(run="long",mix,source,discr,model_Pflesus,resid_err,process_err)
output_JAGS(jags.Pflesus_FWA_BAY, mix, source)



##Figure 3A - FWA, EST and BAY contributions

#1: "A.anguilla", 
#2: "L.fluviatilis", 
#3: "Mugilidae", 
#4: "P.marinus", 
#5: "P.flesus", 
#6: "S.trutta"

#FWA
df1 <- data.frame(x = c("1", "2", "3", "4", "5", "6"),
                  y0 = c(0.169, 0.015, 0.059, 0.039, 0.040, 0.049),
                  y25 = c(0.517, 0.117, 0.259, 0.273, 0.208, 0.340),
                  y50 = c(0.652, 0.212, 0.371,0.477, 0.312, 0.600),
                  y75 = c(0.761, 0.318, 0.473, 0.709, 0.414, 0.780),
                  y100 = c(0.893, 0.470, 0.632, 0.942, 0.571, 0.926))

p1<-ggplot(df1, aes(x)) +
  geom_boxplot(width=0.4, aes(ymin = y0, lower = y25, middle = y50, upper = y75, ymax = y100), stat = "identity") + 
  theme_classic()
p1<-p1+ylim(0, 1.00)

#EST
df2 <- data.frame(x = c("1", "2", "3", "4", "5", "6"),
                  y0 = c(0.011, 0.003, 0.022, 0.015, 0.017, 0.012),
                  y25 = c(0.104, 0.030, 0.154, 0.163, 0.150, 0.126),
                  y50 = c(0.207, 0.065, 0.271, 0.367, 0.280, 0.295),
                  y75 = c(0.353, 0.116, 0.414, 0.570, 0.428, 0.540),
                  y100 = c(0.672, 0.254, 0.699, 0.851, 0.713, 0.842))

p2<-ggplot(df2, aes(x)) +
  geom_boxplot(width=0.4, aes(ymin = y0, lower = y25, middle = y50, upper = y75, ymax = y100), stat = "identity") + 
  theme_classic()
p2<-p2+ylim(0, 1.00)

#BAY
df3 <- data.frame(x = c("1", "2", "3", "4", "5", "6"),
                  y0 = c(0.008, 0.461, 0.045, 0.004, 0.081, 0.004),
                  y25 = c(0.064, 0.605, 0.236, 0.037, 0.276, 0.044),
                  y50 = c(0.120, 0.703, 0.347, 0.086, 0.395, 0.088),
                  y75 = c(0.186, 0.793, 0.446, 0.181, 0.503, 0.151),
                  y100 = c(0.339, 0.922, 0.660, 0.485, 0.707, 0.300))

p3<-ggplot(df3, aes(x)) +
  geom_boxplot(width=0.4, aes(ymin = y0, lower = y25, middle = y50, upper = y75, ymax = y100), stat = "identity") + 
  theme_classic()
p3<-p3+ylim(0, 1.00)

plot_grid(p1, p2, p3, labels = NULL, ncol=3)

##Figure 3B

#A. anguilla FW POM, MPBB, PLA

df4 <- data.frame(x = c("1", "2", "3"),
                  y0 = c(0.007, 0.444, 0.122),
                  y25 = c(0.059, 0.570, 0.188),
                  y50 = c(0.117, 0.640, 0.228),
                  y75 = c(0.189, 0.703, 0.274),
                  y100 = c(0.330, 0.799, 0.384))

p4<-ggplot(df4, aes(x)) +
  geom_boxplot(width=0.4, aes(ymin = y0, lower = y25, middle = y50, upper = y75, ymax = y100), stat = "identity") + 
  theme_classic()
p4<-p4+ylim(0, 1.00)

#L. fluviatilis BAY POM, MPBB, PLA

df5 <- data.frame(x = c("1", "2", "3"),
                  y0 = c(0.526, 0.018, 0.005),
                  y25 = c(0.613, 0.150, 0.053),
                  y50 = c(0.641, 0.238, 0.118),
                  y75 = c(0.665, 0.304, 0.208),
                  y100 = c(0.719, 0.381, 0.389))

p5<-ggplot(df5, aes(x)) +
  geom_boxplot(width=0.4, aes(ymin = y0, lower = y25, middle = y50, upper = y75, ymax = y100),stat = "identity") + 
  theme_classic()
p5<-p5+ylim(0, 1.00)

#Mugilidae FWA (POM, MPBB, PLA) and BAY (POM, MPBB, PLA)

df6 <- data.frame(x = c("1", "2", "3", "4", "5", "6"),
                  y0 = c(0.008, 0.017, 0.010, 0.008, 0.014, 0.004),
                  y25 = c(0.081, 0.157, 0.061, 0.060, 0.112, 0.053),
                  y50 = c(0.156, 0.275, 0.100, 0.116, 0.183, 0.115),
                  y75 = c(0.255, 0.398, 0.147, 0.189, 0.243, 0.190),
                  y100 = c(0.429, 0.566, 0.246, 0.358, 0.321, 0.325))

p6<-ggplot(df6, aes(x)) +
  geom_boxplot(width=0.4, aes(ymin = y0, lower = y25, middle = y50, upper = y75, ymax = y100), stat = "identity") + 
  theme_classic()
p6<-p6+ylim(0, 1.00)

#P. marinus FWA (POM, MPBB, PLA)

df7 <- data.frame(x = c("1", "2", "3"),
                  y0 = c(0.025, 0.022, 0.021),
                  y25 = c(0.204, 0.172, 0.139),
                  y50 = c(0.367, 0.315, 0.264),
                  y75 = c(0.537, 0.469, 0.412),
                  y100 = c(0.831, 0.739, 0.690))

p7<-ggplot(df7, aes(x)) +
  geom_boxplot(width=0.4, aes(ymin = y0, lower = y25, middle = y50, upper = y75, ymax = y100), stat = "identity") + 
  theme_classic()
p7<-p7+ylim(0, 1.00)

#P. flesus FWA (POM, MPBB, PLA) and BAY (POM, MPBB, PLA)

df8 <- data.frame(x = c("1", "2", "3", "4", "5", "6"),
                  y0 = c(0.012, 0.018, 0.003, 0.012, 0.010, 0.006),
                  y25 = c(0.088, 0.129, 0.033, 0.090, 0.086, 0.091),
                  y50 = c(0.166, 0.242, 0.063, 0.156, 0.163, 0.172),
                  y75 = c(0.239, 0.354, 0.103, 0.236, 0.236, 0.253),
                  y100 = c(0.371, 0.540, 0.196, 0.405, 0.325, 0.381))

p8<-ggplot(df8, aes(x)) +
  geom_boxplot(width=0.4, aes(ymin = y0, lower = y25, middle = y50, upper = y75, ymax = y100), stat = "identity") + 
  theme_classic()
p8<-p8+ylim(0, 1.00)

#S. trutta FWA (POM, MPBB, PLA)

df9 <- data.frame(x = c("1", "2", "3"),
                  y0 = c(0.011, 0.515, 0.001),
                  y25 = c(0.099, 0.683, 0.012),
                  y50 = c(0.185, 0.773, 0.030),
                  y75 = c(0.281, 0.854, 0.054),
                  y100 = c(0.461, 0.952, 0.125))

p9<-ggplot(df9, aes(x)) +
  geom_boxplot(width=0.4, aes(ymin = y0, lower = y25, middle = y50, upper = y75, ymax = y100), stat = "identity") + 
  theme_classic()
p9<-p9+ylim(0, 1.00)

p10<-plot_grid(p4, p5, p6, labels = NULL, nrow=1, ncol=3, rel_widths=c(1,1,2))
p11<-plot_grid(p7, p8, p9, labels = NULL, nrow=1, ncol=3, rel_widths=c(1,2,1))
plot_grid(p10,p11, labels = NULL, nrow=2)

## SIBER

# https://docs.google.com/document/d/1AxXm4bePHI9Ph7fUfprrqdGCpCWOan7O4q_gUgeIOeI/edit
# https://cran.r-project.org/web/packages/SIBER/vignettes/Introduction-to-SIBER.html
# https://cran.r-project.org/web/packages/SIBER/vignettes/siber-comparing-populations.html
# https://besjournals.onlinelibrary.wiley.com/doi/10.1111/j.1365-2656.2011.01806.x

set.seed(1234)

## SIBER - Niche partitioning between diadromous species


setwd("~/.../SIBER")
siber_pred<-read.csv("pred_SIBER.csv")
siber_pred$group=as.factor(siber_pred$group)
View(siber_pred)


siber_pred_biplots<- ggplot(siber_pred, aes(x=iso1, y=iso2, colour=group)) + geom_point(alpha=0.7, size=2) + theme_bw() + facet_grid("group") +ylab("d15N") + xlab("d13C")

siber_pred_biplots + stat_ellipse(position="identity", level=0.4, size=2)

siber_pred_biplots + stat_ellipse(position="identity", level=0.95, size=1)

# ANALYSIS:

siber_pred_gp<-createSiberObject(siber_pred)
View(siber_pred_gp)
siber_pred_gp[["sample.sizes"]]

# Create list of ploting arguments to be passed

community.hulls.args<-list(col=1, lty=1, lwd=1)
pred.ellipse.args<-list(n=100,p.interval=0.95, lty=1, lwd=2)
pred.hull.args<-list(lty=2, col="grey20")

par(mfrow = c(1, 1))
plotSiberObject(siber_pred_gp, ax.pad=2, hulls=F, community.hulls.args, ellipse=T, pred.ellipse.args, group.hulls = F, pred.hull.args, bty="L", iso.order=c(1,2), xlab=expression({delta}^13*C~'\u2030'), ylab=expression({delta}^15*N~'\u2030'))

# add a legend
legend("bottom", colnames(group.ML), pch = c(1, 2, 2, 3, 4, 5, 5, 5), 
       cex = 0.75, col = c(1, 2, 4, 3, 5, 6, 7, 8), lty = 0.1, ncol=3)

dev.off()

# Calculate sumamry statistics for each group: TA, SEA and SEAc
group.ML <- groupMetricsML(siber_pred_gp)
print(group.ML)

# options for running jags
parms <- list()
parms$n.iter <- 2 * 10^4   # number of iterations to run the model for
parms$n.burnin <- 1 * 10^3 # discard the first set of values
parms$n.thin <- 10     # thin the posterior by this many
parms$n.chains <- 2        # run this many chains

# define the priors
priors <- list()
priors$R <- 1 * diag(2)
priors$k <- 2
priors$tau.mu <- 1.0E-3

# fit the ellipses which uses an Inverse Wishart prior
# on the covariance matrix Sigma, and a vague normal prior on the 
# means. Fitting is via the JAGS method.
corrected.posterior <- siberMVN(siber_pred_gp, parms, priors=priors)

SEA.B <- siberEllipses(corrected.posterior)

#Figure 4

siberDensityPlot(SEA.B, 
                 xlab = NULL,
                 ylab = expression("Bayesian standard ellipse area " ('\u2030' ^2) ),
                 xticklabels=c("A. anguilla", "L. fluviatilis", "P. marinus", "Mugilidae", "P. flesus", "S. trutta"),
                 bty = "L",
                 las = 1,
                 main = NULL)

# Add red x's for the ML estimated SEA-c
points(1:ncol(SEA.B), group.ML[3,], col="red", pch = "x", lwd = 2)

# Calculate some credible intervals 
cr.p <- c(0.95, 0.99) # vector of quantiles

# do similar to get the modes, taking care to pick up multimodal posterior
# distributions if present
SEA.B.modes <- lapply(
  as.data.frame(SEA.B), 
  function(x,...){tmp<-hdrcde::hdr(x)$mode},
  prob = cr.p, all.modes=T)
SEA.B.modes

# call to hdrcde:hdr using lapply()
SEA.B.credibles <- lapply(
  as.data.frame(SEA.B), 
  function(x,...){tmp<-hdrcde::hdr(x)$hdr},
  prob = cr.p)
SEA.B.credibles

# ESTIMATE ELLIPSE OVERLAP

# The overlap between the corresponding 95% prediction ellipses is given by:

###
# Anguilla anguilla and Lampetra fluviatilis

ang.flu.overlap.95<-maxLikOverlap("Anguillidae.Anguilla_anguilla", "Lamprey.Lampetra_fluviatilis", siber_pred_gp, p.interval=0.95, n=1000)
ang.flu.overlap.95

prop.of.first <- as.numeric(ang.flu.overlap.95["overlap"] / ang.flu.overlap.95["area.1"])
print(prop.of.first)

prop.of.second <- as.numeric(ang.flu.overlap.95["overlap"] / ang.flu.overlap.95["area.2"])
print(prop.of.second)

prop.of.both <- as.numeric(ang.flu.overlap.95["overlap"] / (ang.flu.overlap.95["area.1"] + ang.flu.overlap.95["area.2"]))
print(prop.of.both)

# Anguilla anguilla and Petromizon marinus juveniles

ang.mar.overlap.95<-maxLikOverlap("Anguillidae.Anguilla_anguilla", "Lamprey.Petromyzon_marinus_juvenile", siber_pred_gp, p.interval=0.95, n=1000)
ang.mar.overlap.95

prop.of.first <- as.numeric(ang.mar.overlap.95["overlap"] / ang.mar.overlap.95["area.1"])
print(prop.of.first)

prop.of.second <- as.numeric(ang.mar.overlap.95["overlap"] / ang.mar.overlap.95["area.2"])
print(prop.of.second)

prop.of.both <- as.numeric(ang.mar.overlap.95["overlap"] / (ang.mar.overlap.95["area.1"] + ang.mar.overlap.95["area.2"]))
print(prop.of.both)

# Anguilla anguilla and Mugilidae juveniles

ang.mug.overlap.95<-maxLikOverlap("Anguillidae.Anguilla_anguilla", "Mugilidae.Mugilidae_juvenile", siber_pred_gp, p.interval=0.95, n=1000)
ang.mug.overlap.95

prop.of.first <- as.numeric(ang.mug.overlap.95["overlap"] / ang.mug.overlap.95["area.1"])
print(prop.of.first)

prop.of.second <- as.numeric(ang.mug.overlap.95["overlap"] / ang.mug.overlap.95["area.2"])
print(prop.of.second)

prop.of.both <- as.numeric(ang.mug.overlap.95["overlap"] / (ang.mug.overlap.95["area.1"] + ang.mug.overlap.95["area.2"]))
print(prop.of.both)

# Anguilla anguilla and Platichthys flesus

ang.fle.overlap.95<-maxLikOverlap("Anguillidae.Anguilla_anguilla", "Pleuronectidae.Platichthys_flesus_juvenile", siber_pred_gp, p.interval=0.95, n=1000)
ang.fle.overlap.95

prop.of.first <- as.numeric(ang.fle.overlap.95["overlap"] / ang.fle.overlap.95["area.1"])
print(prop.of.first)

prop.of.second <- as.numeric(ang.fle.overlap.95["overlap"] / ang.fle.overlap.95["area.2"])
print(prop.of.second)

prop.of.both <- as.numeric(ang.fle.overlap.95["overlap"] / (ang.fle.overlap.95["area.1"] + ang.fle.overlap.95["area.2"]))
print(prop.of.both)

# Anguilla anguilla and Salmo trutta juvenile

ang.tru.overlap.95<-maxLikOverlap("Anguillidae.Anguilla_anguilla", "Salmonidae.Salmo_trutta_juvenile", siber_pred_gp, p.interval=0.95, n=1000)
ang.tru.overlap.95

prop.of.first <- as.numeric(ang.tru.overlap.95["overlap"] / ang.tru.overlap.95["area.1"])
print(prop.of.first)

prop.of.second <- as.numeric(ang.tru.overlap.95["overlap"] / ang.tru.overlap.95["area.2"])
print(prop.of.second)

prop.of.both <- as.numeric(ang.tru.overlap.95["overlap"] / (ang.tru.overlap.95["area.1"] + ang.tru.overlap.95["area.2"]))
print(prop.of.both)

###

# Lampetra fluviatilis and Petromizon marinus juveniles

flu.mar.overlap.95<-maxLikOverlap("Lamprey.Lampetra_fluviatilis", "Lamprey.Petromyzon_marinus_juvenile", siber_pred_gp, p.interval=0.95, n=1000)
flu.mar.overlap.95

prop.of.first <- as.numeric(flu.mar.overlap.95["overlap"] / flu.mar.overlap.95["area.1"])
print(prop.of.first)

prop.of.second <- as.numeric(flu.mar.overlap.95["overlap"] / flu.mar.overlap.95["area.2"])
print(prop.of.second)

prop.of.both <- as.numeric(flu.mar.overlap.95["overlap"] / (flu.mar.overlap.95["area.1"] + flu.mar.overlap.95["area.2"]))
print(prop.of.both)

# Lampetra fluviatilis and Mugilidae juveniles

flu.mug.overlap.95<-maxLikOverlap("Lamprey.Lampetra_fluviatilis", "Mugilidae.Mugilidae_juvenile", siber_pred_gp, p.interval=0.95, n=1000)
flu.mug.overlap.95

prop.of.first <- as.numeric(flu.mug.overlap.95["overlap"] / flu.mug.overlap.95["area.1"])
print(prop.of.first)

prop.of.second <- as.numeric(flu.mug.overlap.95["overlap"] / flu.mug.overlap.95["area.2"])
print(prop.of.second)

prop.of.both <- as.numeric(flu.mug.overlap.95["overlap"] / (flu.mug.overlap.95["area.1"] + flu.mug.overlap.95["area.2"]))
print(prop.of.both)

# Lampetra fluviatilis and Platichthys flesus

flu.fle.overlap.95<-maxLikOverlap("Lamprey.Lampetra_fluviatilis", "Pleuronectidae.Platichthys_flesus_juvenile", siber_pred_gp, p.interval=0.95, n=1000)
flu.fle.overlap.95

prop.of.first <- as.numeric(flu.fle.overlap.95["overlap"] / flu.fle.overlap.95["area.1"])
print(prop.of.first)

prop.of.second <- as.numeric(flu.fle.overlap.95["overlap"] / flu.fle.overlap.95["area.2"])
print(prop.of.second)

prop.of.both <- as.numeric(flu.fle.overlap.95["overlap"] / (flu.fle.overlap.95["area.1"] + flu.fle.overlap.95["area.2"]))
print(prop.of.both)

# Lampetra fluviatilis and Salmo trutta juvenile

flu.tru.overlap.95<-maxLikOverlap("Lamprey.Lampetra_fluviatilis", "Salmonidae.Salmo_trutta_juvenile", siber_pred_gp, p.interval=0.95, n=1000)
flu.tru.overlap.95

prop.of.first <- as.numeric(flu.tru.overlap.95["overlap"] / flu.tru.overlap.95["area.1"])
print(prop.of.first)

prop.of.second <- as.numeric(flu.tru.overlap.95["overlap"] / flu.tru.overlap.95["area.2"])
print(prop.of.second)

prop.of.both <- as.numeric(flu.tru.overlap.95["overlap"] / (flu.tru.overlap.95["area.1"] + flu.tru.overlap.95["area.2"]))
print(prop.of.both)

###

# Petromizon marinus juveniles and Mugilidae juveniles

mar.mug.overlap.95<-maxLikOverlap("Lamprey.Petromyzon_marinus_juvenile", "Mugilidae.Mugilidae_juvenile", siber_pred_gp, p.interval=0.95, n=1000)
mar.mug.overlap.95

prop.of.first <- as.numeric(mar.mug.overlap.95["overlap"] / mar.mug.overlap.95["area.1"])
print(prop.of.first)

prop.of.second <- as.numeric(mar.mug.overlap.95["overlap"] / mar.mug.overlap.95["area.2"])
print(prop.of.second)

prop.of.both <- as.numeric(mar.mug.overlap.95["overlap"] / (mar.mug.overlap.95["area.1"] + mar.mug.overlap.95["area.2"]))
print(prop.of.both)

# Petromizon marinus juveniles and Platichthys flesus

mar.fle.overlap.95<-maxLikOverlap("Lamprey.Petromyzon_marinus_juvenile", "Pleuronectidae.Platichthys_flesus_juvenile", siber_pred_gp, p.interval=0.95, n=1000)
mar.fle.overlap.95

prop.of.first <- as.numeric(mar.fle.overlap.95["overlap"] / mar.fle.overlap.95["area.1"])
print(prop.of.first)

prop.of.second <- as.numeric(mar.fle.overlap.95["overlap"] / mar.fle.overlap.95["area.2"])
print(prop.of.second)

prop.of.both <- as.numeric(mar.fle.overlap.95["overlap"] / (mar.fle.overlap.95["area.1"] + mar.fle.overlap.95["area.2"]))
print(prop.of.both)

# Petromizon marinus juveniles and Salmo trutta juvenile

mar.tru.overlap.95<-maxLikOverlap("Lamprey.Petromyzon_marinus_juvenile", "Salmonidae.Salmo_trutta_juvenile", siber_pred_gp, p.interval=0.95, n=1000)
mar.tru.overlap.95

prop.of.first <- as.numeric(mar.tru.overlap.95["overlap"] / mar.tru.overlap.95["area.1"])
print(prop.of.first)

prop.of.second <- as.numeric(mar.tru.overlap.95["overlap"] / mar.tru.overlap.95["area.2"])
print(prop.of.second)

prop.of.both <- as.numeric(mar.tru.overlap.95["overlap"] / (mar.tru.overlap.95["area.1"] + mar.tru.overlap.95["area.2"]))
print(prop.of.both)

###

# Mugilidae juveniles and Platichthys flesus

mug.fle.overlap.95<-maxLikOverlap("Mugilidae.Mugilidae_juvenile", "Pleuronectidae.Platichthys_flesus_juvenile", siber_pred_gp, p.interval=0.95, n=1000)
mug.fle.overlap.95

prop.of.first <- as.numeric(mug.fle.overlap.95["overlap"] / mug.fle.overlap.95["area.1"])
print(prop.of.first)

prop.of.second <- as.numeric(mug.fle.overlap.95["overlap"] / mug.fle.overlap.95["area.2"])
print(prop.of.second)

prop.of.both <- as.numeric(mug.fle.overlap.95["overlap"] / (mug.fle.overlap.95["area.1"] + mug.fle.overlap.95["area.2"]))
print(prop.of.both)

# Mugilidae juveniles and Salmo trutta juvenile

mug.tru.overlap.95<-maxLikOverlap("Mugilidae.Mugilidae_juvenile", "Salmonidae.Salmo_trutta_juvenile", siber_pred_gp, p.interval=0.95, n=1000)
mug.tru.overlap.95

prop.of.first <- as.numeric(mug.tru.overlap.95["overlap"] / mug.tru.overlap.95["area.1"])
print(prop.of.first)

prop.of.second <- as.numeric(mug.tru.overlap.95["overlap"] / mug.tru.overlap.95["area.2"])
print(prop.of.second)

prop.of.both <- as.numeric(mug.tru.overlap.95["overlap"] / (mug.tru.overlap.95["area.1"] + mug.tru.overlap.95["area.2"]))
print(prop.of.both)

# Platichthys flesus and Salmo trutta juvenile

fle.tru.overlap.95<-maxLikOverlap("Pleuronectidae.Platichthys_flesus_juvenile", "Salmonidae.Salmo_trutta_juvenile", siber_pred_gp, p.interval=0.95, n=1000)
fle.tru.overlap.95

prop.of.first <- as.numeric(fle.tru.overlap.95["overlap"] / fle.tru.overlap.95["area.1"])
print(prop.of.first)

prop.of.second <- as.numeric(fle.tru.overlap.95["overlap"] / fle.tru.overlap.95["area.2"])
print(prop.of.second)

prop.of.both <- as.numeric(fle.tru.overlap.95["overlap"] / (fle.tru.overlap.95["area.1"] + fle.tru.overlap.95["area.2"]))
print(prop.of.both)

# Figure 5 : Representation of directional interaction between diadromous niches

overlap <- read_excel("over.xlsx")
mat <- as.matrix(overlap[,-1])
mat1<-apply(mat, 2, as.numeric)
rownames(mat1)<- overlap$names
mat1[mat1<0.05]<-0

plotweb(sortweb(mat1, sort.order="dec"), 
        method="normal",
        text.rot=90,
        labsize =1.5,
        low.y = 0.7, 
        high.y = 1.5,
        y.width.low=0.04,  
        y.width.high=0.04, 
        abuns.type='independent',  
        low.xoff = 0, 
        col.high = "lightblue", 
        col.low = "lightblue", 
        col.interaction= "lightblue", 
        bor.col.interaction = "lightblue", 
        bor.col.high="lightblue",
        bor.col.low="lightblue",
        arrow="center", 
        low.spacing=0.07, 
        high.spacing=0.07)

