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Concatenated here are all additional figures. Please note that some figures are missing, as the code is written
to ‘skip’ figures that are identity plots or repeated plots. All unique and relevant figures are shown.

set.seed (2024)

library(tidyverse)
library(data.table)
library(rasterVis)
library(lattice)

Visualizing differences

files=list.files(filepath,pattern="+mve_comparisons.csv")

sp.comp.files=files[files’like’"Progne"]
subis.comp.files=files[-which(files’like},"Progne")]

A: Species comparisons

for(i in 1:length(sp.comp.files)){
sp=strsplit(sp.comp.files[i]," ") [[1]1][2]
xl=read_csv(pasteO(filepath,sp.comp.files[i]))
for(ii in 1:ncol(x1)){
comp.sp=strsplit(colnames(x1) [1i],"_ ") [[1]1][2]
list.1=x1[,iil

if (comp.sp==sp) {next}
x2=read_csv(pasteO(filepath,sp.comp.files[sp.comp.files’like)comp.sp]l))
list.2=x2[-1,which(colnames(x2)%1likesp)]

list.1$ID=pasteO(sp,'_',comp.sp)
list.2$ID=pasteO(comp.sp,'_"',sp)

test_val=list.1[1,1]
list.1=1ist.1[-1,]

colnames(list.1)=colnames(list.2)=c("Value","ID")
val.list=as.data.frame(rbind(list.1,list.2))

a=ggplot(data=val.list,aes(x=Value,fill=ID))



b=scale_x_continuous(limits=c(0,1))

c=geom_density(alpha=0.6)

d=theme_classic()

d2=geom_vline(xintercept = as.numeric(test_val),colour="black",
linetype="dashed")

d3=ggtitle(pasteO("Figure A.",i,ii))

print (atb+c+d+d2+d3)
IDs=unique(val.list$ID)

for(iii in 1:2){
ID=IDs[iii]
print (ID)
sub.val=val.list[which(val.list$ID==ID),]
mu=mean (sub.val$Value)
sigma=sd(sub.val$Value)
n=nrow(sub.val)

xbar=as.numeric(test_val)
z=(xbar-mu) / (sigma/sqrt(n))

lowcrit=qnorm(p=0.025,mean=mu, sd=sigma)
hicrit=gnorm(p=0.975,mean=mu, sd=sigma)

if (is.na(lowcrit)){
print ("ERROR: NA values detected.")
next

}

if (is.na(hicrit)){
print ("ERROR: NA values detected.")

next
}
print(paste0("P value for ",sp," vs. ",comp.sp,
" = " pnorm(xbar,
mean=mu,sd=sigma)))
if (xbar<lowcrit){
print ("Test statistic below low critical value.")
print (paste0(lowcrit,"; statistic = ",xbar))
next
}
if (xbar>hicrit){
print("Test statistic above high critical value.")
print(pasteO(hicrit,"; statistic = ",xbar))
}

}
}
}
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"P value for murphyi vs. dominicensis = 0.204464259340592"
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B: Subspecies comparisons

for(i in 1:length(subis.comp.files)){
sp=strsplit(subis.comp.files[i]," ") [[1]1][1]
xl=read_csv(pasteO(filepath,subis.comp.files[i]))
for(ii in 1:ncol(x1)){
comp.sp=strsplit(colnames(x1) [ii]," ") [[1]][3]
list.1=x1[,ii]

if (comp.sp==sp) {next}
x2=read_csv(pasteO(filepath,subis.comp.files[subis.comp.files)likeYcomp.spl))
list.2=x2[-1,which(colnames(x2)%like%sp)]

list.1$ID=pasteO(sp,'_ ',comp.sp)
list.2%$ID=pasteO(comp.sp,'_"',sp)

test_val=list.1[1,1]
list.1=1ist.1[-1,]

colnames(list.1)=colnames(list.2)=c("Value","ID")

val.list=as.data.frame(rbind(list.1,1list.2))
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}

3

a=ggplot(data=val.list,aes(x=Value,fill=ID))

b=scale_x_continuous(limits=c(0,1))

c=geom_density(alpha=0.6)

d=theme_classic()

d2=geom_vline(xintercept = as.numeric(test_val),colour="black",
linetype="dashed")

d3=ggtitle(pasteO("Figure B.",i,ii))

print (atb+c+d+d2+d3)
IDs=unique(val.list$ID)

for(iii in 1:2){
ID=IDs[iii]
print (ID)
sub.val=val.list[which(val.list$ID==ID),]
mu=mean (sub.val$Value)
sigma=sd(sub.val$Value)
n=nrow(sub.val)

xbar=as.numeric(test_val)
z=(xbar-mu) / (sigma/sqrt(n))

lowcrit=qnorm(p=0.025,mean=mu, sd=sigma)
hicrit=gnorm(p=0.975,mean=mu, sd=sigma)

n n

print (paste0("P value for ",sp,
" = " pnorm(xbar,
mean=mu,sd=sigma)))

vs. ",comp.sp,

if (xbar<lowcrit){
print("Test statistic below low critical value.")
print(paste0(lowcrit,"; statistic = ",xbar))
next

}

if (xbar>hicrit){
print("Test statistic above high critical value.")
print(pasteO(hicrit,"; statistic = ",xbar))
next

}

3
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Figure B.52
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Figure B.53
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Figure B.55
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Running the NicheEvol program in progne.

filepath="~/Dropbox/Manuscripts/Progne/"

C: NichEvol Data Preparation

library(geiger)
library(nichevol)
library(raster)
library(tidyverse)
library(data.table)
library(nodiv)

# load rformat_type
library(ellipsenm)

# test with one

precip=raster(paste0(GISpath,"current_2-

0.805847702903804"

0.643415185715688"

Sarcmin_annualPET.tif"))

m_files=list.files(pasteO(filepath,"Ms/") ,pattern="*accessible.gpkg")

occ_list=read_csv(pasteO(filepath, "progne_env_extract.csv"))
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p-tree=read.tree(pasteO(filepath, "Sequences/all-v2-samples-95-best.raxml.bestTree"))

# fiz tree
fnames=p.tree$tip.label

# reduce to Progne
fnames_index=which(!fnames’like’"Progne")

p-tree2=drop.tip(p.tree,fnames_index)

# plot of all Progne
plot.phylo(p.tree2,cex=0.65,main="Figure C.1: All Progne")

Figure C.1: All Progne

Progne murphyi Peru LSUMZ 114186

ﬂe murphyi Peru LSUMZ 114185
Progne chalybea Amazon Bolivia LSUMNS 79812

Progne chalybea Amazon Brazil LSUMNS 86649
Progne chalybea Central America Panama LSUMNS 28811
Progne chalybea Central America Costa Rica LSUMNS 27272
Progne chalybea Tumbes Peru LSUMNS 66042
'“{ Progne sinaloae Mexico KU 40044

Progne dominicensis Dominican Republic LSUMNS 22019
Progne dominicensis Dominican Republic LSUMNS 22020
Progne elegans Brazil LSUMNS 25506
EProgne elegans Argentina KU 124008
Progne subis USA LSUMNS 30441
—I_—Progne subis USA LSUMNS 41548
Progne tapera tapera Peru LSUMNS 75925
_|jProgne tapera fusca Bolivia LSUMNS 37913

This tree is from Clare Brown’s dissertation, as made available by Subir Shakya (with thanks also to Fred
Sheldon). From Clare Brown’s dissertation, we know that chalybea is monophyletic, and that it is not sister
to elegans. We want to reduce this to a single individual per species for our next analyses.

keepers=c("Progne_tapera_tapera_Peru_LSUMNS_75925",
"Progne_chalybea_Central_America_Panama_LSUMNS_28811",
"Progne_sinaloae_Mexico_KU_40044",
"Progne_dominicensis_Dominican_Republic_LSUMNS_22019",
# "AY825945.1-Progne_cryptoleuca”, # mot included in phylo
"Progne_elegans_Argentina_KU_124008",
"Progne_subis_USA_LSUMNS_41548",
"Progne_murphyi_Peru_LSUMZ_114185") #,
# "MH307578.1-Progne_modesta") # not included in phylo

p-tree3=drop.tip(p.tree2,c(which(p.tree2$tip.label’,in)keepers==F)))
plot(p.tree3,main='Figure C.3"')
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Figure C.3

—Progne murphyi Peru LSUMZ 114185

—Progne chalybea Central America Panama LSUMNS 28811

—L Progne sinaloae Mexico KU 40044
Progne dominicensis Dominican Republic LSUMNS 22019

—Progne elegans Argentina KU 124008

—Progne subis USA LSUMNS 41548

—Progne tapera tapera Peru LSUMNS 75925

# rename tips to SP only

for(i in 1:length(p.tree3$tip.label))q{
sp=strsplit(p.tree3$tip.label[i],"_ ") [[1]][2]
#sp=gsub("_"," ", sp)
p.tree3$tip.label[il=sp

}

# reformatted other files to be the same name elsewhere

# create ultrametric trees
phy_tree=chronos(p.tree3)

##

## Setting initial dates...

## Fitting in progress... get a first set of estimates
#it (Penalised) log-lik = -0.3001496

## Optimising rates... dates... -0.3001496

##

## log-Lik = -0.2990202
## PHIIC = 34.6

# make edges mnonzero

# step mot mecessary

#p.tree4$edge. length=p. treef$edge. length+
# 0.00000000000000000000000001

While not included in this dataset, we can also place some species from Moyle et al. (2008), and use these
estimates to help in the reconstruction.

1. P. cryptoleuca is sister to P. dominicensis.
2. There is no molecular evidence for the placement of P. modesta.

write.tree(phy_tree,file=pasteO(filepath, "'new_tree.tre"))

Added taxon in file.

phy_tree=read.tree(file=pasteO(filepath, "new_tree2.tre"))
plot (phy_tree)
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D: Occurrences and Environmental Data

We need to split occurrences into separate files, and put them in a separate folder.

# split occ_list into files named the same as the tips
spp=unique (occ_list$Species)

for(i in 1:length(spp)){
sp=spp[i]
occ_list>%
filter(Species==sp) >
write_csv(file=pasteO(filepath,"occ_dir/",
gsub(" "," " sp),".csv"))
}

There is an error in the code. I removed it and then it was able to run. Specifically, in line 86, I removed
reference to the “species” corresponding to that iteration. Note also that the files in each have to be an exact
match.

source (pasteO(filepath, 'stats_evalues2.r'))

stats_evalues2(stats=c("mean","median","sd","range"),
M_folder=pasteO(filepath,"Ms/name_species_tree/") ,M_format="gpkg",
occ_folder=pasteO(filepath,"occ_dir/"),
longitude = "Long",latitude = "Lat",
var_folder=GIS,var_format="GTiff", # must specify GTiff
save=T,output_directory = pasteO(filepath,"nichevol/"),
overwrite = T)

Testing the next section with annual PET.

# load both files for annualPET
progne.stats=
read_csv(pasteO(filepath,
"nichevol/current_2.5arcmin_annualPET_M_stats.csv"))%>%
filter(Species!="Progne modesta.gpkg")
m.stats=
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read_csv(pasteO(filepath,
"nichevol/current_2.5arcmin_annualPET_Occurrence_stats.csv"))%>%
filter(Species!="Progne modesta.gpkg")

These values may vary, as the document renders them each time. Set seed should fix this, see beginning of
document; set.seed(2024).

bins=bintables_jc(M_folder=pasteO(filepath,"Ms/name_species_tree/"),
M_format="gpkg",occ_folder=pasteO(filepath,"occ_dir/"),
longitude = "Long",latitude = "Lat",
percentage_out = O0,bin_size = 10,
var_folder=GIS,var_format="GTiff") # must specify GTiff

Link the tree to the data, and then iteratively perform the reconstructions.

### loop through and create tree projects

phy_tree2=phy_tree

phy_tree2$tip.label=c("Progne tapera","Progne subis",
"Progne elegans',"Progne dominicensis",
"Progne cryptoleuca","Progne sinaloae",
"Progne chalybea","Progne murphyi")

for(i in 1:length(bins)){
# link tree and data from list object
var=strsplit(names(bins[i]),"_ ") [[1]1][3]
if (var=="annualPET"){var="Annual Potential Evapotranspiration"}
if (var=="'aridityIndexThornthwaite'){var='Aridity Index'}
if (var=='climaticMoistureIndex'){var='Climatic Moisture Index'}
if (var=='continentality'){var='Continentality"'}
if (var=="'embergerQ'){var="Emberger's Pluviometric Quotient"}
if (var=="'maxTempColdest'){var='Max. Temp. of the Coldest Quarter'}
if (var=='minTempWarmest'){var='Min. Temp. of the Warmest Quarter'}
if (var=='PETColdestQuarter'){var='Coldest Quarter Potential Evapotranspiration'}
if (var=='PETDriestQuarter'){var='Driest Quarter Potential Evapotranspiration'}
if (var=='PETseasonality'){var='Seasonality of Potential Evapotranspiration'}
if (var=='PETWarmestQuarter'){var='Warmest Quarter Potential Evapotranspiration'}
if (var=='PETWettestQuarter'){var='Wettest Quarter Potential Evapotranspiration'}
if (var=="'thermicityIndex'){var='Thermicity Index'}
varproj=treedata(phy_tree2,bins[[i]l]) # convert chronos to phylo???
# create tables for reconstructions
ml_rec_table=bin_ml_rec(varproj)
s_ml_rec_table=smooth_rec(ml_rec_table)

base=basal_node (phy_tree2)

var.lab.1l=pasteO('Figure D.',i,'A: ', 6var)
var.lab.2=pasteO('Figure D.',i,'B: ',var)

plot.phylo(phy_tree2,label.offset = 0.06,main=var.lab.1l,x.lim=4,y.1im=9)
nichevol_labels(phy_tree2, s_ml_rec_table, height = 1.25, width = 3)
niche_labels(phy_tree2,s_ml_rec_table,

label_type = 'tip_node',height=1.25, width = 6)
nichevol_legend(position = "bottomright", cex = 1)
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print ("Starting LevelPlot...")

# adapted from Fernando Machado-Stredel
bin_tabl_tr=t(s_ml_rec_table)

bin_tabl_tr[bin_tabl_tr == "7"] <- NA
nodes=c(which(colnames(bin_tabl_tr)Jlike},"Progne") ,base)
colnames(bin_tabl_tr)=gsub(base, "Basal Node",colnames(bin_tabl_tr))

# get column order to understand

# Phylogenetic placement - out to in, large to small

col_order=rev(c("Basal Node",
"Progne tapera",
"Progne murphyi",
"Progne subis",
"Progne elegans",
"Progne chalybea",
"Progne sinaloae",
"Progne dominicensis",
"Progne cryptoleuca"))

col_theme <- rasterTheme(region = c("#377eb8","#edlalc"))
plot2=levelplot(bin_tabl_tr[,col_order], scales = list(x = list(rot = 90)), # labels
xlab = var.lab.2, ylab = "",
par.settings = col_theme, colorkey = FALSE) # color options

print(plot2)
print ("Complete.")

Figure D.1A: Annual Potential Evapotranspiration

§Progne murphyi

§Progne chalybea

Progne sinaloae
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Figure D.1B: Annual Potential Evapotranspiration

## [1] "Complete."

Figure D.2A: Aridity Index
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Figure D.2B: Aridity Index
## [1] "Complete."
Figure D.3A: Climatic Moisture Index
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Figure D.3B: Climatic Moisture Index
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Figure D.4A: Continentality
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Figure D.4B: C
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Figure D.5A: Emberger's Pluviometric Quotient
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Figure D.5B: Emberger's Pluviometric Q
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Figure D.6A: growingDegDays0
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Figure D.6B: growingDegDays0
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Figure D.7A: growingDegDays5
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Figure D.7B: growingDegDays5
## [1] "Complete."
Figure D.8A: Max. Temp. of the Coldest Quarter
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Figure D.8B: Max. Temp. of the Coldest Quarter

## [1] "Complete."
Figure D.9A: Min. Temp. of the Warmest Quarter
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Figure D.9B: Min. Temp. of the Warmest Quarter
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Figure D.10A: monthCountByTempl10
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Figure D.10B: monthCountByTemp10
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Figure D.11A: Coldest Quarter Potential Evapotranspiration
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Figure D.11B: Coldest Quarter Potential Evapotranspiration
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Figure D.12A: Driest Quarter Potential Evapotranspiration
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Figure D.12B: Driest Quarter Potential Evapotranspiration
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Figure D.13A: Seasonality of Potential Evapotranspiration
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Figure D.13B: Seasonality of Potential Evapotranspiration
## [1] "Complete."

Figure D.14A: Warmest Quarter Potential Evapotranspiration
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## [1] "Starting LevelPlot..."
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Figure D.14B: Warmest Quarter Potential Evapotranspiration

## [1] "Complete."
Figure D.15A: Wettest Quarter Potential Evapotranspiration
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Figure D.15B: Wettest Quarter Potential Evapotranspiration

## [1] "Complete."

Figure D.16A: Thermicity Index
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Figure D.16B: Thermicity Index
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