R script for analyses S1
###Reading the data###
setwd("c:/new data")

mydata=read.delim("Data.S1.txt",header=T)

##assigning the columns##

size=mydata$" Size..log.transformed."

temperature=mydata$"Temperature"

class=mydata$"Class"

family=mydata$"Family"

species=mydata$"Species"

habitat=mydata$"Habitat"

time=mydata$"Time.bin"

zone=mydata$"Zone"

lat=mydata$"Latitude"

## Fig 1##

plot(temperature,size,main = "Overall Body Size change with Temperature", ylab = "Body Size",xlab =

"Temperature (C)")

cor.test(temperature,size, method = "pearson")

## Fig 2##

##Plotting Fig 2A###

m=tapply(size,time,mean)

n=tapply(temperature,time,mean)

##Creating a matrix from m with mean size data

m1=matrix(m,18,1,byrow=T)

##Creating a matrix from m with mean temperature data

n1=matrix(n,18,1,byrow=T)
##Creating a matrix with mean size and temperature data

a=cbind(n1,m1)

colnames(a)=c("temp","sizes")

##Saving the matrix "a" as a data.frame

meandata=as.data.frame(a)

mtemp=meandata$temp

msize=meandata$sizes

##Calculating and plotting the first difference###

d1=diff(mtemp,lag=1,difference=1)

d2=diff(msize,lag=1,difference=1)

plot(d1,d2, ylab = "1st diff (Mean Size)", xlab = "1st diff (Temperature)",main="2A")

## Table 1 (Overall mean size vs temperature and P value)##

cor.test(d1,d2,method = "pearson")

##### We repeat Line 43-79 with the following modifications to calculate the same for max size###

m=tapply(size,time,max)
n=tapply(temperature,time,max)

## Table 1 (Overall max size vs temperature and P value)##

cor.test(d1,d2,method = "pearson")
##### We repeat Line 43-79 with the following modifications to calculate the same for minimum size###

m=tapply(size,time,min)
n=tapply(temperature,time,min)
## Table 1 (Overall min size vs temperature and P value)##

cor.test(d1,d2,method = "pearson")

####Fig 5#####

## Fig 5A##

mydata=read.delim("combined.txt",header=T)

##assigning the columns##

size=mydata$"Size"

temperature=mydata$"Temperature"

habitat=mydata$"Habitat"

time=mydata$"Time"

zone=mydata$"Zone"

mydata1=subset(mydata,Zone== "Tropical")

size=mydata1$"Size"

temperature=mydata1$"Temperature"

time=mydata1$"Time"

###Repeat 44- 75##

plot(d1,d2, ylab = "Mean Size", xlab = "Temperature",col="blue", pch=17,cex= 2)

## Table 1 (Tropical mean size vs temperature and P value)##

cor.test(d1,d2,method = "pearson")
a=cbind(d1,d2)

trop1stdiff=as.matrix(a)
mydata=read.delim("combined.txt",header=T)

##assigning the columns##

size=mydata$"Size"

temperature=mydata$"Temperature"

time=mydata$"Time"

zone=mydata$"Zone"

mydata1=subset(mydata,Zone== "Temperate")

size=mydata1$"Size"

temperature=mydata1$"Temperature"

time=mydata1$"Time"

###Repeat 44- 75##

points(d1,d2, ylab = "Mean Size", xlab = "Temperature",col="red", pch=1,cex= 2)
## Table 1 (Temperate mean size vs temperature and P value)##
cor.test(d1,d2,method = "pearson")
a=cbind(d1,d2)

temp1stdiff=as.matrix(a)

##cramer test##

cramer.test(as.matrix(trop1stdiff),as.matrix(temp1stdiff),sim="permutation",replicates=10000)
####Fig 5B####

mydata=read.delim("combined.txt",header=T)

##assigning the columns##

size=mydata$"Size"

temperature=mydata$"Temperature"

time=mydata$"Time"

zone=mydata$"Zone"

mydata1=subset(mydata,Zone== "Tropical")

size=mydata1$"Size"

temperature=mydata1$"Temperature"

time=mydata1$"Time"

###Repeat 44- 75##, using ‘max’ instead of mean

plot(d1,d2, ylab = "Max Size", xlab = "Temperature",col="blue", pch=17,cex= 2)
## Table 1 (Tropical max size vs temperature and P value)##

cor.test(d1,d2,method = "pearson")
a=cbind(d1,d2)

trop1stdiff=as.matrix(a)
mydata=read.delim("combined.txt",header=T)

##assigning the columns##

size=mydata$"Size"

temperature=mydata$"Temperature"

time=mydata$"Time"

zone=mydata$"Zone"

mydata1=subset(mydata,Zone== "Temperate")

size=mydata1$"Size"

temperature=mydata1$"Temperature"

time=mydata1$"Time"

###Repeat 44- 75##, using ‘max’ instead of mean

points(d1,d2, ylab = "Max Size", xlab = "Temperature",col="red", pch=1,cex= 2)
## Table 1 (Temperate max size vs temperature and P value)##
cor.test(d1,d2,method = "pearson")
a=cbind(d1,d2)

temp1stdiff=as.matrix(a)

##cramer test##

cramer.test(as.matrix(trop1stdiff),as.matrix(temp1stdiff),sim="permutation",replicates=10000)
####Fig 5C####

mydata=read.delim("combined.txt",header=T)

##assigning the columns##

size=mydata$"Size"

temperature=mydata$"Temperature"

time=mydata$"Time"

zone=mydata$"Zone"

mydata1=subset(mydata,Zone== "Tropical")

size=mydata1$"Size"

temperature=mydata1$"Temperature"

time=mydata1$"Time"

###Repeat 44- 75##, using ‘min’ instead of mean

plot(d1,d2, ylab = "Min Size", xlab = "Temperature",col="blue", pch=17,cex= 2)

## Table 1 (Tropical min size vs temperature and P value)##

cor.test(d1,d2,method = "pearson")
a=cbind(d1,d2)

trop1stdiff=as.matrix(a)
mydata=read.delim("combined.txt",header=T)

##assigning the columns##

size=mydata$"Size"

temperature=mydata$"Temperature"

time=mydata$"Time"

zone=mydata$"Zone"

mydata1=subset(mydata,Zone== "Temperate")

size=mydata1$"Size"

temperature=mydata1$"Temperature"

time=mydata1$"Time"

###Repeat 44- 75##, using ‘min’ instead of mean

points(d1,d2, ylab = "Min Size", xlab = "Temperature",col="red", pch=1,cex= 2)

## Table 1 (Temperate min size vs temperature and P value)##

cor.test(d1,d2,method = "pearson")
a=cbind(d1,d2)

temp1stdiff=as.matrix(a)

##cramer test##

cramer.test(as.matrix(trop1stdiff),as.matrix(temp1stdiff),sim="permutation",replicates=10000)
#### Fig 6 #### 

##Fig 6A##

mydata=read.delim("combined.txt",header=T)

##assigning the columns##

size=mydata$"Size"

temperature=mydata$"Temperature"

time=mydata$"Time"

habitat=mydata$"Habitat"

mydata1=subset(mydata,habitat== "Infaunal")

size=mydata1$"Size"

temperature=mydata1$"Temperature"

time=mydata1$"Time"

###Repeat 44- 75##
plot(d1,d2, ylab = "Mean Size", xlab = "Temperature",col="red", pch=1,cex= 2)
## Table 1 (Infaunal mean size vs temperature and P value)##

cor.test(d1,d2,method = "pearson")
a=cbind(d1,d2)

inf1stdiff=as.matrix(a)
mydata=read.delim("combined.txt",header=T)

##assigning the columns##

size=mydata$"Size"

temperature=mydata$"Temperature"

time=mydata$"Time"

habitat=mydata$"Habitat"

mydata1=subset(mydata,habitat== "Epifaunal")

size=mydata1$"Size"

temperature=mydata1$"Temperature"

time=mydata1$"Time"

###Repeat 44- 75##

points(d1,d2, ylab = "Mean Size", xlab = "Temperature",col="blue", pch=0,cex= 2)
## Table 1 (Epifaunal mean size vs temperature and P value)##
cor.test(d1,d2,method = "pearson")
a=cbind(d1,d2)

epi1stdiff=as.matrix(a)

###cramer test##

cramer.test(as.matrix(inf1stdiff),as.matrix(epi1stdiff),sim="permutation",replicates=10000)
####Fig 6B####

mydata=read.delim("combined.txt",header=T)

##assigning the columns##

size=mydata$"Size"

temperature=mydata$"Temperature"

time=mydata$"Time"

habitat=mydata$"Habitat"

mydata1=subset(mydata,habitat== "Infaunal")

size=mydata1$"Size"

temperature=mydata1$"Temperature"

time=mydata1$"Time"

###Repeat 44- 75##, using ‘max’ instead of mean

plot(d1,d2, ylab = "Max Size", xlab = "Temperature",col="red", pch=1,cex= 2)
## Table 1 (Infaunal max size vs temperature and P value)##
cor.test(d1,d2,method = "pearson")
a=cbind(d1,d2)

inf1stdiff=as.matrix(a)
mydata=read.delim("combined.txt",header=T)

##assigning the columns##

size=mydata$"Size"

temperature=mydata$"Temperature"

habitat=mydata$"Habitat"

time=mydata$"Time"

mydata1=subset(mydata,habitat== "Epifaunal")

size=mydata1$"Size"

temperature=mydata1$"Temperature"

time=mydata1$"Time"

###Repeat 44- 75##, using ‘max’ instead of mean

points(d1,d2, ylab = "Max Size", xlab = "Temperature",col="blue", pch=0,cex= 2)
## Table 1 (Epifaunal max size vs temperature and P value)##
cor.test(d1,d2,method = "pearson")
a=cbind(d1,d2)

epi1stdiff=as.matrix(a)

###cramer test##

cramer.test(as.matrix(inf1stdiff),as.matrix(epi1stdiff),sim="permutation",replicates=10000)
####Fig 6C####

mydata=read.delim("combined.txt",header=T)

##assigning the columns##

size=mydata$"Size"

temperature=mydata$"Temperature"

habitat=mydata$"Habitat"

time=mydata$"Time"

mydata1=subset(mydata,habitat== "Infaunal")

size=mydata1$"Size"

temperature=mydata1$"Temperature"

time=mydata1$"Time"

###Repeat 44- 75##, using ‘min’ instead of mean

plot(d1,d2, ylab = "Min Size", xlab = "Temperature",col="red", pch=1,cex= 2)
## Table 1 (Infaunal min size vs temperature and P value)##
cor.test(d1,d2,method = "pearson")
a=cbind(d1,d2)

inf1stdiff=as.matrix(a)
mydata=read.delim("combined.txt",header=T)

##assigning the columns##

size=mydata$"Size"

temperature=mydata$"Temperature"

habitat=mydata$"Habitat"

time=mydata$"Time"

mydata1=subset(mydata,habitat== "Epifaunal")

size=mydata1$"Size"

temperature=mydata1$"Temperature"

time=mydata1$"Time"

###Repeat 44- 75##, using ‘min’ instead of mean

points(d1,d2, ylab = "Min Size", xlab = "Temperature",col="blue", pch=0,cex= 2)
## Table 1 (Epifaunal min size vs temperature and P value)##
cor.test(d1,d2,method = "pearson")

a=cbind(d1,d2)

epi1stdiff=as.matrix(a)

###cramer test##

cramer.test(as.matrix(inf1stdiff),as.matrix(epi1stdiff),sim="permutation",replicates=10000)
#### Family level analyses ##

file=file("output.txt") ###This file stores values including correlation coefficient, maximum latitudinal

spread and maximum size for each family####

x=unique(family)

w=array(0,dim=c(length(x),1));

v=array(0,dim=c(length(x),1));

### iteration counter

i=0;

for(val in x)

	
	{

	
	i=i+1;


### unique habitat and class
X1=unique(subset(mydata, family==val, Habitat))

X2=unique(subset(mydata, family==val, Class))
X3=unique(subset(mydata, family==val, Zone))
###Calculation of Rho value

muric=subset(mydata, family == val, select = c(Size..log.transformed., Temperature,Time.bin)) ##muric

is used as abbreviation of Muricidae family. For calculating rho value first we did for Muricidae family

and then ran a for loop to get the rho value for every family##

muric_size=muric$ Size..log.transformed.

muric_temp=muric$Temperature

muric_time=muric$Time.bin

a_muric=tapply(muric_size,muric_time,max)

b_muric=tapply(muric_temp,muric_time,max)

#### removing the families present in less than four time bins###

if(length(a_muric)<4) {

v[i]=1;

	
	next()}

	
	


a1_muric=matrix(a_muric,length(a_muric),1,byrow=T)

b1_muric=matrix(b_muric,length(a_muric),1,byrow=T)

k_muric=cbind(b1_muric,a1_muric)

colnames(k_muric)=c("mtemp_muric", "msize_muric")

meandata_muric=as.data.frame(k_muric)

mtemp_muric=meandata_muric$mtemp_muric

msize_muric=meandata_muric$msize_muric

d1_muric=diff(mtemp_muric,lag=1,difference=1)

d2_muric=diff(msize_muric,lag=1,difference=1)

## removing the families for which the size variation between any two consecutive time bin is zero ###

if(sd(d2_muric)==0)

	
	{

	
	next()}


tst1 = cor.test(d1_muric,d2_muric,method = "pearson")

###max size calculation for each family###

muric=subset(mydata, family == val, select = c(Size..log.transformed.,Time.bin))

muric_size=muric$ Size..log.transformed

muric_time=muric$Time.bin

a_muric=tapply(muric_size,muric_time,max)

max1=max(a_muric)

### latitudinal spread calculation for each family

muric=subset(mydata, family == val, select = c(Latitude,Time.bin))

muric_lat=muric$Latitude

muric_time=muric$Time.bin

a_muric=tapply(muric_lat,muric_time,max)

ls=max(a_muric)

final <- data.frame(val,X1, length(a_muric), tst1$p.value,tst1$estimate,max1,ls, X2,X3)

write.table(final, file = "file.txt",sep=",",col.names = FALSE, append = TRUE)

write.table(w,file="w.txt",sep=",",col.names = FALSE)

write.table(v,file="v.txt",sep=",",col.names = FALSE)

}

close(file)

mydata_habitat=read.delim("file.txt",sep=",",header=F)

##assigning the columns#

size=mydata_habitat$"V7"

family=mydata_habitat$"V2"

rho=mydata_habitat$"V6"

lr=mydata_habitat$"V8"

habitat=mydata_habitat$"V3"

class= mydata_habitat$"V9"
zone= mydata_habitat$"V10"
par(mfrow=c(2,2))

par(mar=c(5,5,2,4))

##Fig 3##

plot(rho~size, xlab="Max Size", ylab=expression (~rho~ 1^{st}~(size-temp)),col="blue",cex=2,pch=5)

plot(rho~size, xlab="Max Size", subset=class=="Bivalvia", main="Bivalve",ylab=expression (~rho~ 1^{st}~(size-temp)),col="blue",cex=2,pch=5)

plot(rho~size, xlab="Max Size", subset=class=="Gastropoda", main="Gastropod",ylab=expression (~rho~ 1^{st}~(size-temp)),col="blue",cex=2,pch=5)

##Table 2- 1st, 2nd and 3rd row and 1st  and  2nd column###
cor.test(~rho+size,method ="pearson")

cor.test(~rho+size,subset=class=="Bivalvia",method ="pearson")

cor.test(~rho+size,subset=class=="Gastropoda",method ="pearson")

##Fig 4##

plot(rho~lr, xlab="Latitudinal spread", ylab=expression (~rho~ 1^{st}~(size-temp)),col="red",cex=2,pch=5)

plot(rho~lr, xlab="Latitudinal spread", subset=class=="Bivalvia", main="Bivalve",ylab=expression (~rho~ 1^{st}~(size-temp)),col="red",cex=2,pch=5)

plot(rho~lr, xlab="Latitudinal spread", subset=class=="Gastropoda", main="Gastropod",ylab=expression (~rho~ 1^{st}~(size-temp)),col="red",cex=2,pch=5)

##Table 2- 1st, 2nd and 3rd row and 3rd   and  4th column###

cor.test(~size+lr,method ="pearson")

cor.test(~rho+lr,subset=class=="Bivalvia",method ="pearson")

cor.test(~rho+lr,subset=class=="Gastropoda",method ="pearson")
#Fig 7A and B##

par(mfrow=c(2,2))

par(mar=c(5,5,2,4))

plot(rho~size, xlab="Max Size", subset=habitat=="Infaunal", main="Infauna",ylab=expression (~rho~ 1^{st}~(size-temp)),col="red",cex=2,pch=1)

plot(rho~size, xlab="Max Size", subset=habitat=="Epifaunal", main="Epifauna",ylab=expression (~rho~ 1^{st}~(size-temp)),col="blue",cex=2,pch=0)

##Table 2- 4th  and 5th  row and 1st  and  2nd  column###

cor.test(~rho+size,subset=habitat=="Infaunal",method ="pearson")

cor.test(~rho+size,subset=habitat=="Epifaunal",method ="pearson")

##Fig 7A and B##

par(mfrow=c(2,2))

par(mar=c(5,5,2,4))

plot(rho~lr, xlab="Latitudinal spread", subset=habitat=="Infaunal", main="Infauna",ylab=expression (~rho~ 1^{st}~(size-temp)),col="red",cex=2,pch=1)

plot(rho~lr, xlab="Latitudinal spread", subset=habitat=="Epifaunal", main="Epifauna",ylab=expression (~rho~ 1^{st}~(size-temp)),col="blue",cex=2,pch=0)
##Table 2- 4th and 5th row and 3rd   and  4th column###

cor.test(~rho+lr,subset=habitat=="Infaunal",method ="pearson")
cor.test(~rho+lr,subset=habitat=="Epifaunal",method ="pearson")

####Table3####

tropical.spread=subset(mydata_habitat, zone== "Tropical", select = c(rho,lr))

temperate.spread=subset(mydata_habitat, zone== "Temperate", select = c(rho,lr))

cramer.test(as.matrix(temperate.spread),as.matrix(tropical.spread),sim="permutation",replicates=10000)

tropical.size=subset(mydata_habitat,zone== "Tropical", select = c(rho,size))

temperate.size=subset(mydata_habitat,zone== "Temperate",  select = c(rho,size))

cramer.test(as.matrix(tropical.size),as.matrix(temperate.size),sim="permutation",replicates=10000)

inf.spread=subset(mydata_habitat, habitat== "Infaunal", select = c(rho,lr))

epi.spread=subset(mydata_habitat, habitat == "Epifaunal", select = c(rho,lr))

cramer.test(as.matrix(inf.spread),as.matrix(epi.spread),sim="permutation",replicates=10000)

inf.size=subset(mydata_habitat, habitat == "Infaunal", select = c(rho,size))

epi.size=subset(mydata_habitat, habitat == "Epifaunal", select = c(rho,size))

cramer.test(as.matrix(inf.size),as.matrix(epi.size),sim="permutation",replicates=10000)

