Calculation of Nephrops biomass indices from the surveys
Identification of the FU 25 Nephrops assessment area in FU 25 
In order to obtain an accurate index, an identification of the FU 25 Nephrops assessment area was made. 
To do this, data of 2598 available bottom trawl hauls carried out in FU 25 were reviewed. Among them there were 1117 hauls with Nephrops catch (546 hauls with Nephrops catch from Data Collection Framework [DCF] Bottom Trawl Survey series SP-NSGFS-Q4 in the periods 1983-1986 and 1988-2020; 389 hauls with Nephrops catch from scientific observers on board of commercial vessels from the DCF Discard Programme in 1994, 1997, 1999-2000, 2003-2020 and 182 hauls with Nephrops catch from scientific observers on board of commercial vessels in the Nephrops Sentinel Fisheries in the period 2017-2020). 
The average geographical coordinates of each of the 1117 hauls were plotted and transformed in an area (Fig S1) using a specific R code (see below). Thus, the assessment area was estimated with the average position of all the hauls with Nephrops catch from all the years and periods aforementioned, so, the area obtained corresponds to the widest range of the species available in FU 25. 
Once the assessment area was obtained, only the hauls of the DCF Bottom Trawl Survey series SP-NSGFS-Q4 in the periods 1983-1986 and 1988-2020 that were inside the assessment area were selected every year to calculate the biomass index. The Nephrops yield of the survey each year was the average of the yield of all the hauls of the survey inside the FU 25 Nephrops assessment area that year. So the biomass index values along the time series reflect the contraction of the stock area (Fig. 2-B).  
Index calculation by FU
The indices of the three stocks were estimated consistently throughout the time-series (ICES, 2021c). The distribution and the number of hauls were similar for each FU in the whole period.
FU 25 Nephrops index refers to the entire time series to the same area Nephrops assessment area (ICES, 2021c). This area corresponds to the widest range of the species found in FU 25. Thus, if the stock has contracted its range, the index estimated across the area would result in lower available biomass, which reflects the reality.
A new depth stratified biomass index in FU 26-27 was estimated (Table 1, Fig. 3-B) considering hauls included in ICES statistical rectangles that cover FU 26 (Spanish waters) and FU 27 (Portuguese waters) carried out during the Spanish and Portuguese IBTS (ICES, 2017b), respectively. The Spanish survey (SP-NSGFS-Q4) covers depths from 70 m to 500 m while the Portuguese survey (PT-GFS-WIBTS-Q4) covers from 20 m to 500 m. Nephrops catch weight by haul was standardized to one hour. 
FU 31 Nephrops index is estimated all along the time series with the valid hauls of the Spanish demersal survey in the four statistical rectangles 16E4, 16E5, 16E6 and 16E7 that defined FU 31 according to ICES in 2021. 


R code to transform the plots of the positions of the hauls with Nephrops in an area 
The R code to transform the plots of the positions of the hauls with Nephrops in an area was (this was an example of the FU 31 but there is the same code that the one used in FU 25):
require(rgdal)
require(sp)
require(raster)
require(rgeos)
require(MASS)
library(maptools)
#Vamos a unir los datos de VMS y logbooks para identificar en los VMS su lance
#If you save the tacsatClean and eflaloClean let's load them first
rm(list=ls())
library(cluster)
library(splines)
library(survival)
library(splines)
library(MASS)
library(doBy)
library(data.table)
library(maps)
library(mapdata)
library(sp)
library(PBSmapping)
library(Matrix)
library(Rcpp)
library(lme4)
library(maptools)
library(vmstools)
library(RColorBrewer)
install.packages("sqldf")
library(sqldf)
#install.packages("tidyverse")
#library(tidyverse)
#install.packages("dplyr")
#library(dplyr) 
if(.Platform$OS.type == "windows") {
  outPath   <- "C:/TRABAJO/1.- CIGALA/2.- CIGALA 8c/2021_06_08_Centi 31 prepa e informe/curso fran - capas áreas y rectángulos"
}
      #Leemos todos los lances de Cigala de la 8c
      #Ahora vamos a crear la capa de SIG
      vms <- read.csv2(file.path(outPath,paste("vmsLancesCentinelaFU31_21_1er intento-sin ceros2",".txt", sep='')))
      #Ahora tenemos todos los puntos 
       head(vms)
      names(vms)
      vms.geo<-vms[,c(3,2)]   ##,3,4)]
     #define CRS
      utm = "+init=epsg:32629 +proj=utm +zone=29 +datum=WGS84 +units=km +no_defs +ellps=WGS84 +towgs84=0,0,0"
      geogr="+init=epsg:4326"
      #convert in spatial object
      coordinates(vms.geo)<-c("Longitud","Latitud")
      proj4string(vms.geo) <- geogr
      #transform to utm
      vms.utm<-spTransform(vms.geo, CRS=utm)
      Rect31<-vms.utm
      ext<-extent(Rect31)
      ext<-ext+100  #para dar margen a los lados
      bwx=5         #ventana de busqueda del kde en el eje x (en km)
      bwy=5         #ventana de busqueda del kde en el eje y (en km)
      res=1         #resolucion del kde (en km)
      nx<-round((ext[2] - ext[1])/res, digits=-2)  #num de filas del raster
      ny<-round((ext[4] - ext[3])/res, digits=-2) #num de columnas del raster
      dens <- kde2d(Rect31@coords[,1],(Rect31@coords[,2]), n=c(nx,ny),h=c(bwx,bwy),lims=c(ext[1],ext[2],ext[3],ext[4]))
      r.dens = raster(dens)
      plot(r.dens)
      Dsg <- as(r.dens, "SpatialGridDataFrame")  # convert to spatial grid class
      Dim <- as.image.SpatialGridDataFrame(Dsg)  # convert again to an image
      Dcl <- contourLines(Dim, levels = 0.00001) # elegir contorno para convertir en poligono
      SLDF <- ContourLines2SLDF(Dcl)             # convert to SpatialLinesDataFrame
      Polyclust <- gPolygonize(SLDF[1, ])
      gas <- gArea(Polyclust, byid = T)
      Polyclust <- SpatialPolygonsDataFrame(Polyclust, data = data.frame(gas), match.ID = T)
      Polyclust$ID<-seq.int(nrow(Polyclust))
      plot(r.dens)                            #raster de densidad
      plot(Rect31,size=0.01,pch=21,add=T)     #puntos originales
      plot(SLDF[1, ],col="red",add=T, lwd=2)  # solo contorno seleccionado
      plot(Polyclust, add=T,col="yellow")     #Poligono
      proj4string(Polyclust)<-utm
      Polyclust <- spTransform(Polyclust, CRS=geogr)
      setwd(outPath)
      NombreFichero <- "centi312021sinceros"
      writeOGR(Polyclust,".", NombreFichero, driver="ESRI Shapefile", overwrite_layer=TRUE)
