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Import raw parasite infection data
library(dplyr)
paras_dat1 <- readxl::read_xlsx("Raw data/LEUCOCYTOZOON_dataset_AF_JAB_9JAN2019.xlsx",

sheet = 1) %>% dplyr::select(Host.Latin.Name,
Elevation:Latitude_West, `Area_/Endemism`,
Sex, Lineage_1Name, Lineage_2Name,
Lineage_3Name) %>% purrr::set_names(c("Host Latin Name",
"Altitude", "Latitude", "Longitude",
"Area Endemism", "Sex", "Lineage 1 Name",
"Lineage 2 Name", "Lineage 3 Name")) %>%
dplyr::mutate(`Host Latin Name` = trimws(gsub(".",

" ", `Host Latin Name`, fixed = TRUE)),
`Lineage 1 Name` = ifelse(`Lineage 1 Name` %in%

c("na", "NA"), NA, `Lineage 1 Name`),
`Lineage 2 Name` = ifelse(`Lineage 2 Name` %in%

c("na", "NA"), NA, `Lineage 2 Name`),
`Lineage 3 Name` = ifelse(`Lineage 3 Name` %in%

c("na", "NA"), NA, `Lineage 3 Name`),
Sex = dplyr::case_when(Sex %in%

c("m", "M", "male", "Male") ~
"M", Sex %in% c("f", "F",
"female") ~ "F", TRUE ~
"NA"), `Lineage 1 Genus` = ifelse(!is.na(`Lineage 1 Name`),
"LE", NA), `Lineage 2 Genus` = ifelse(!is.na(`Lineage 2 Name`),
"LE", NA), `Lineage 3 Genus` = ifelse(!is.na(`Lineage 3 Name`),
"LE", NA))
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paras_dat2 <- readxl::read_xlsx("Raw data/LEUCOCYTOZOON_dataset_AF_JAB_9JAN2019.xlsx",
sheet = 2) %>% dplyr::select(`Host Latin Name`,
Latitude:`Area Endemism`, Sex,
`Lineage 1 Name`, `Lineage 1 Genus`,
`Lineage 2 Name`, `Lineage 2 Genus`,
`Lineage 3 Name`, `Lineage 3 Genus`,
`Lineage 4 Name`, `Lineage 4 Genus`) %>%
purrr::set_names(c("Host Latin Name",

"Latitude", "Longitude", "Altitude",
"Area Endemism", "Sex", "Lineage 1 Name",
"Lineage 1 Genus", "Lineage 2 Name",
"Lineage 2 Genus", "Lineage 3 Name",
"Lineage 3 Genus", "Lineage 4 Name",
"Lineage 4 Genus")) %>% dplyr::mutate(Sex = dplyr::case_when(Sex %in%

c("m", "M", "male", "Male") ~ "M",
Sex %in% c("f", "F", "female") ~

"F", TRUE ~ "NA"))

Join the two sheets together
paras_dat <- plyr::rbind.fill(paras_dat1,

paras_dat2) %>% # create indicator variable for
# Leucocytozoon infection
dplyr::mutate(Leuco_infected = dplyr::case_when(`Lineage 1 Genus` ==

"LE" | `Lineage 2 Genus` == "LE" |
`Lineage 3 Genus` == "LE" | `Lineage 4 Genus` ==
"LE" ~ 1, TRUE ~ 0)) %>% # remove any extra whitespaces from

# host binomials
dplyr::mutate(`Host Latin Name` = trimws(gsub(" ",

" ", `Host Latin Name`))) %>% # create unique 'site'
# identification variable based on
# lat and long
dplyr::mutate(Site_ID = dplyr::group_indices_(.,

.dots = c("Latitude", "Longitude")))

rm(paras_dat1, paras_dat2)

Summaries of sample sites and covariates
summary(paras_dat$Altitude)

## Min. 1st Qu. Median Mean 3rd Qu. Max.
## 0.0 120.0 200.0 677.4 1142.0 3992.0
summary(paras_dat$Latitude)

## Min. 1st Qu. Median Mean 3rd Qu. Max.
## -42.910 -6.717 -4.500 7.236 39.980 65.290
summary(paras_dat$Longitude)

## Min. 1st Qu. Median Mean 3rd Qu. Max.
## -149.30 -77.55 -75.49 -74.87 -56.85 -39.20
sum(paras_dat$Leuco_infected)

## [1] 747
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sum(paras_dat$Leuco_infected)/nrow(paras_dat)

## [1] 0.1187033

Gathering a matrix of all lineages that occur in each region for diversity analyses. First, create a master
lineage matrix with genus information
all_lins <- rbind(data.frame(Genus = paras_dat$`Lineage 1 Genus`,

Lineage = paras_dat$`Lineage 1 Name`),
data.frame(Genus = paras_dat$`Lineage 2 Genus`,

Lineage = paras_dat$`Lineage 2 Name`),
data.frame(Genus = paras_dat$`Lineage 3 Genus`,

Lineage = paras_dat$`Lineage 3 Name`),
data.frame(Genus = paras_dat$`Lineage 4 Genus`,

Lineage = paras_dat$`Lineage 4 Name`)) %>%
dplyr::filter(!is.na(Genus)) %>%
dplyr::filter(Lineage != "undetermined") %>%
dplyr::distinct()

Check that all lineages only belong to only a single genus
length(unique(all_lins$Lineage))

## [1] 472
which(table(all_lins$Lineage) > 1)

## named integer(0)

Spread the observation data into a site by parasite count matrix
site_paras_mat <- rbind(paras_dat %>%

dplyr::group_by(`Lineage 1 Name`,
`Area Endemism`) %>% dplyr::tally() %>%

dplyr::ungroup() %>% purrr::set_names(c("Lineage",
"Area Endemism", "n")), paras_dat %>%
dplyr::group_by(`Lineage 2 Name`,

`Area Endemism`) %>% dplyr::tally() %>%
dplyr::ungroup() %>% purrr::set_names(c("Lineage",
"Area Endemism", "n")), paras_dat %>%
dplyr::group_by(`Lineage 3 Name`,

`Area Endemism`) %>% dplyr::tally() %>%
dplyr::ungroup() %>% purrr::set_names(c("Lineage",
"Area Endemism", "n")), paras_dat %>%
dplyr::group_by(`Lineage 4 Name`,

`Area Endemism`) %>% dplyr::tally() %>%
dplyr::ungroup() %>% purrr::set_names(c("Lineage",
"Area Endemism", "n"))) %>% dplyr::group_by(Lineage,
`Area Endemism`) %>% dplyr::mutate(n = sum(n)) %>%
dplyr::distinct() %>% tidyr::spread(Lineage,
n, fill = 0)

Keep only Leucocytozoon parasites in the matrix
leucos <- unique(as.character((all_lins %>%

dplyr::filter(Genus == "LE"))[,
2]))
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Remove the non-leuco parasites from the matrix
site_paras_mat <- site_paras_mat %>%

dplyr::ungroup() %>% dplyr::select(dplyr::one_of(c("Area Endemism",
leucos)))

Double check (only Area Endemism should be different)
setdiff(colnames(site_paras_mat), leucos)

## [1] "Area Endemism"

Write a vector of parasite lineages needed for making the parasite tree
dir.create("Processed data")
write.csv(data.frame(Lineage = leucos),

file = "Processed data/Leuco_lineages.csv",
row.names = F)

Save the site_paras matrix for diversity analyses
save(site_paras_mat, file = "Processed data/site_paras_mat.rda")

Matching with BirdTree.org taxonomy for collecting phylogenetic / functional traits. First, load the datafile
containing known synonyms and their verified BirdTree names
# devtools::install_github('nicholasjclark/BBS.occurrences')
library(BBS.occurrences)
data("BirdTree.syns")
BirdTree.syns <- BirdTree.syns[, c("Synonym",

"BirdTree.name")]

Combine this list with the malaviR synonym file and our own synonym file
temp <- tempfile()
download.file("https://github.com/vincenzoaellis/malaviR/raw/master/data/taxonomy.rda",

temp)
load(temp)
unlink(temp)
colnames(taxonomy) <- c("Synonym",

"BirdTree.name", "match")
taxonomy$Synonym <- trimws(gsub(" ",

"_", taxonomy$Synonym))

our_synonyms <- readxl::read_xlsx("Raw data/birdtree_synonyms_fecchio.xlsx")
colnames(our_synonyms) <- c("Synonym",

"BirdTree.name")
our_synonyms$Synonym <- trimws(gsub(" ",

"_", our_synonyms$Synonym))
our_synonyms$BirdTree.name <- trimws(gsub(" ",

"_", our_synonyms$BirdTree.name))

BirdTree.syns <- rbind(BirdTree.syns,
taxonomy[, 1:2], our_synonyms) %>%
dplyr::distinct() %>% dplyr::filter(!BirdTree.name ==
"")

rm(taxonomy, our_synonyms)
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Download the latest version of the BirdTree / BirdLife taxonomy
temp <- tempfile()
download.file("https://data.vertlife.org/birdtree/BLIOCPhyloMasterTax.csv",

temp)
True.birdtree.tax <- read.csv(temp)
True.birdtree.tax$TipLabel <- as.character(True.birdtree.tax$TipLabel)
unlink(temp)

Add a column for BirdTree species name and remove species that don’t match to BirdTree. Here, we check
all bird names against known BirdTree tip labels and against synonyms, replacing with BirdTree names or
leaving as ‘unknown’
paras_dat$Scientific.Name <- stringr::str_replace(paras_dat$`Host Latin Name`,

" ", "_")
paras_dat = paras_dat %>% dplyr::rowwise() %>%

dplyr::mutate(BirdTree.species = ifelse(Scientific.Name %in%
True.birdtree.tax$TipLabel,
True.birdtree.tax$TipLabel[True.birdtree.tax$TipLabel %in%

Scientific.Name], "unknown")) %>%
dplyr::mutate(BirdTree.species = ifelse(Scientific.Name %in%

BirdTree.syns$Synonym, BirdTree.syns$BirdTree.name[BirdTree.syns$Synonym %in%
Scientific.Name], BirdTree.species))

Identify species names that do not match BirdTree; if all match, write a csv of names to feed to Birdtree.org
hosts_nomatch <- True.birdtree.tax %>%

dplyr::right_join(paras_dat, by = c(TipLabel = "BirdTree.species")) %>%
dplyr::filter(is.na(PatchClade)) %>%
dplyr::select(TipLabel) %>% dplyr::distinct()

if (length(hosts_nomatch$TipLabel) !=
0) {
write.csv(hosts_nomatch$TipLabel,

"Host phylogenies/hosts_nomatch.csv",
row.names = F)

}

Create a site x host count matrix
site_host_mat <- paras_dat %>% dplyr::group_by(BirdTree.species,

`Area Endemism`) %>% dplyr::tally() %>%
dplyr::ungroup() %>% purrr::set_names(c("Host",
"Area Endemism", "n")) %>% dplyr::group_by(Host,
`Area Endemism`) %>% dplyr::mutate(n = sum(n)) %>%
dplyr::distinct() %>% tidyr::spread(Host,
n, fill = 0)

# save the site_host_mat for
# diversity analyses
save(site_host_mat, file = "Processed data/site_host_mat.rda")

Remove lineage information from infection data for regression analysis
paras_reg_dat <- paras_dat %>% dplyr::select(BirdTree.species,

Scientific.Name, Altitude:Sex,
Leuco_infected, Site_ID)
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We next gather trait data for the host species from EltonTraits v1.0 (Wilman et al. 2014), which can be
downloaded from figshare here. We need to join this to the list of all bird species (sampled and unsampled).
Note that some species will not have trait data, and so these values will need to be imputed during regression
analysis
temp <- tempfile()
download.file("https://ndownloader.figshare.com/files/5631081",

temp)
Elton.dat <- read.table(temp, header = TRUE,

fill = TRUE, quote = "\"", stringsAsFactors = FALSE,
sep = "\t")

unlink(temp)
Elton.dat$Scientific <- gsub(" ", "_",

Elton.dat$Scientific)
Elton.dat = Elton.dat %>% dplyr::rowwise() %>%

dplyr::mutate(BirdTree.species = ifelse(Scientific %in%
True.birdtree.tax$TipLabel,
True.birdtree.tax$TipLabel[True.birdtree.tax$TipLabel %in%

Scientific], "unknown")) %>%
dplyr::mutate(BirdTree.species = ifelse(Scientific %in%

BirdTree.syns$Synonym, BirdTree.syns$BirdTree.name[BirdTree.syns$Synonym %in%
Scientific], BirdTree.species))

paras_reg_dat <- Elton.dat[which(Elton.dat$BirdTree.species %in%
unique(paras_reg_dat$BirdTree.species)),
] %>% dplyr::select(BirdTree.species,
ForStrat.ground:ForStrat.aerial,
BodyMass.Value) %>% dplyr::right_join(paras_reg_dat,
by = c(BirdTree.species = "BirdTree.species")) %>%
dplyr::select(Site_ID, Altitude,

Latitude, Longitude, dplyr::everything()) %>%
dplyr::select(-Scientific.Name)

rm(Elton.dat)

Export list of species names for gathering phylogenetic trees from BirdTree
all_hosts <- paras_reg_dat %>% dplyr::select(BirdTree.species) %>%

dplyr::distinct()
dir.create("Host phylogenies")
write.csv(all_hosts, "Host phylogenies/all_hosts.csv",

row.names = F)

Gather WorldClim variables for sites
source("Functions/gather.worldclim.R")
coords <- paras_dat %>% dplyr::select(Latitude,

Longitude) %>% dplyr::distinct()
paras_reg_dat <- gather.worldclim(Latitudes = coords$Latitude,

Longitudes = coords$Longitude) %>%
dplyr::right_join(paras_reg_dat)
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Extract landscape level variables from MODIS. Here, we create a dataframe with necessary variables for
downloading MODIS data subsets, which will be the source for our remote-sensed environmental data
spatcovs_dat = paras_reg_dat %>% dplyr::select(Site_ID,

Latitude, Longitude) %>% dplyr::distinct()

modis_data <- data.frame(ID = spatcovs_dat$Site_ID,
lat = spatcovs_dat$Latitude, long = spatcovs_dat$Longitude,
start.date = rep(2014, length(spatcovs_dat$Longitude)),
end.date = rep(2014, length(spatcovs_dat$Longitude)))

Now we download raw normalised difference vegetation index (NDVI) readings within a 10km buffer of each
site’s coordinates. These downloaded files will be saved to a new directory in the Raw data directory
NDVI_path <- "./Raw data/NDVI"
dir.create(NDVI_path)

# Please note that newer versions
# of MODISTools seem to have
# trouble frequently
remove.packages("MODISTools")
install.packages("https://modis.ornl.gov/files/modissoapservice/MODISTools2.tar.gz",

repos = NULL, type = "source")
library(MODISTools)

MODISTools::MODISSubsets(LoadDat = modis_data,
Products = "MOD13Q1", Bands = c("250m_16_days_NDVI"),
Size = c(10, 10), SaveDir = NDVI_path)

Using the downloaded files, we can calculate mean NDVI for each point at each observation timestamp using
a custom function (stored in the Functions directory)
source("./Functions/process_ndvi.R")
mean_ndvis <- process_ndvi(filepath = NDVI_path,

delete_files = FALSE, n_cores = 3)

Repeat for NDWI
NDWI_path <- "./Raw data/NDWI"
dir.create(NDWI_path)

MODISSubsets(LoadDat = modis_data,
Products = "MYD09A1", Bands = c("sur_refl_b04",

"sur_refl_b07"), Size = c(10,
10), SaveDir = NDWI_path)

source("./Functions/process_ndwi.R")
mean_ndwis <- process_ndwi(filepath = NDWI_path,

delete_files = FALSE, n_cores = 3)
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Next we join the spatial data together and calculate mean spring / summer covariate values for each site.
Because these values are essentially unitless, we can go ahead and scale our environmental covariates to unit
variance
spatcovs_dat <- spatcovs_dat %>% dplyr::left_join(mean_ndvis) %>%

dplyr::left_join(mean_ndwis) %>%
dplyr::mutate(Month = lubridate::month(Date)) %>%
dplyr::mutate(Summer = dplyr::case_when(Month %in%

c(12, 1, 2, 3) & Latitude <
0 ~ 1, Month %in% c(5, 6, 7,
8) & Latitude > 0 ~ 1, TRUE ~
0)) %>% dplyr::filter(Summer ==

1) %>% dplyr::group_by(Site_ID) %>%
dplyr::mutate_at(dplyr::vars(NDVI,

NDWI), dplyr::funs(mean(.,
na.rm = T))) %>% dplyr::select(-Date,

-Month, -Summer) %>% dplyr::distinct() %>%
dplyr::ungroup() %>% dplyr::mutate_at(dplyr::vars(NDVI,
NDWI), dplyr::funs(as.vector(scale(.))))

Join the spatial covariates data to the regression data and save for later analysis
paras_reg_dat <- spatcovs_dat %>% dplyr::right_join(paras_reg_dat)
save(paras_reg_dat, file = "Processed data/paras_reg_dat.rda")
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