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## FULL SCRIPT (Windows OK): Times New Roman + axes restored
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## 0) Packages ———
pkgs <- ¢ ("readr”, “dplyr”, “stringr”, “tidyr”, “car”, “ggplot2”, “rstatix”, “multcompView”, “tibble”
”showtext”, “sysfonts”)
for (p in pkgs) {
if (lrequireNamespace(p, quietly = TRUE)) install.packages(p, dependencies = TRUE)

}

library (readr)
library (dplyr)
library (stringr)
library (tidyr)
library (car)
library (ggplot2)
library (rstatix)
library (multcompView)
library (tibble)
library (showtext)
library (sysfonts)

## 1) Font: Times New Roman (Windows) ———
tnr_regular <- ”“C:/Windows/Fonts/times. ttf”
tnr bold {~ ”C:/Windows/Fonts/timeshd. ttf”
tnr italic <= ”C:/Windows/Fonts/timesi.ttf”
tnr bi (-~ ”C:/Windows/Fonts/timesbi. ttf”

sysfonts::font add(
family = “Times New Roman”,
regular = tnr_regular,
bold = tnr_bold,
italic = tnr_italic,
bolditalic = tnr bi
)
showtext: :showtext auto(enable = TRUE)

## 2) Read data ———
df raw <- read csv(“bookl.csv”, show col types = FALSE)

## 3) Clean & prepare ————
df <= df _raw %>%

mutate (
lacewing = str_trim(as. character (lacewing)),
thrip = str_trim(as. character (thrip)),

lacewing = factor (lacewing, levels = c¢("17,7117)),

thrip factor (thrip, levels = c¢(”17,”11”, “pupa”, “adult”)),
add = as. numeric (add),

eat = as.numeric (eat),

prop = eat / add

)

”

response_var <- “eat” # or “prop”

## 4) ANOVA (optional output) ———-

m aov <— aov(df[[response var]] ~ lacewing * thrip, data = df)
cat ("\n===== car::Anova (Type II) =====\n")

print (car::Anova(m_aov, type = 2))

## 5) Mean * SE ———

desc <= df %>%
group_by (lacewing, thrip) %>%
summarise (



n = n()),

mean = mean(. data[[response var]], na.rm = TRUE),

se = sd(.datall[response var]], na.rm = TRUE) / sqrt(n),
.groups = “drop”

)

## 6) Letters (robust) within each lacewing instar across thrip stages ——-—
thrip_levels <- levels(df$thrip)

wilcox letters <- df %>%
group_by (lacewing) %>%
do ({
pw <— pairwise.wilcox. test(
x = . [[response_var]]
g = droplevels(. $thrip),
p. adjust. method = “BH”,
exact = FALSE
)

pmat <- pw$p. value
pmat[is.na(pmat)] <- 1
let <- multcompView::multcompLetters (pmat)$Letters

out <- data. frame(
thrip = names(let),
letter = as.character (let),
stringsAsFactors = FALSE

)

tibble (thrip = thrip levels) %>%
left join(out, by = “thrip”) %>%
mutate (letter = ifelse(is.na(letter), ”“a”, str_trim(letter)))
1) %%
ungroup ()

plot _df <- desc %>%
mutate (lacewing = as. character(lacewing), thrip = as.character (thrip)) %%
left join(
wilcox letters %>% mutate(lacewing = as.character (lacewing), thrip = as.character (thrip)),
by = ¢("lacewing”, “thrip”)

)

# letter height padding

y_range <- range(c(plot_df$mean — plot_df$se, plot df$mean + plot df$se), na.rm = TRUE)
pad <= 0.08 * diff(y range)

if (lis.finite(pad) || pad == 0) pad <- 0.6

plot df <- plot df %>%
mutate (
y letter = mean + se + pad,
lacewing = factor (lacewing, levels = c¢("17,7117)),
thrip = factor (thrip, levels = thrip_levels)

)

## 7) Plot (axes restored!) ——-

y _lab <~ ifelse(response var == “eat”,
“Mean number eaten *+ SE”,
“Mean proportion eaten + SE”)

p <- ggplot(plot df, aes(x = thrip, y = mean, fill = lacewing)) +
geom_col (
position = position dodge(width = 0.85),
width = 0.8,
color = “black”,
linewidth = 0.8
) +



geom_errorbar (
aes(ymin = mean — se, ymax = mean + se),
position = position dodge(width = 0.85),

width = 0.25
linewidth = 0.8
) +

geomftext(
aes(y = y_letter, label = letter),
position = position dodge(width = 0.85),
size = 28, # "18 pt
family = “Times New Roman”
) +
scale fill manual (
values = ¢ ("1”7 = 7#0072B2”7, 711”7 = "#E69F00”),
name = “Lacewing instar”
) +
scale x discrete (expand = expansion(add = 0.8)) +
scale y continuous(
limits = ¢ (0, NA),
expand = expansion(mult = ¢(0.06, 0.25))

) +

labs (
x = “Thrips stage”,
y = y lab

) +

theme bw(base size = 38, base family = “Times New Roman”) +

theme (
legend. position = “right”
legend. title = element text(size = 38, family = “Times New Roman”),
legend. text = element text(size = 38, family = “Times New Roman”),
axis.title.x = element text(size = 38, family = “Times New Roman”),
axis.title.y = element text(size = 38, family = “Times New Roman”),
axis. text.x = element text(size = 38, family = “Times New Roman”),
axis.text.y = element text(size = 38, family = “Times New Roman”),
panel. grid = element blank ()
panel. border = element rect(linewidth = 1.2, color = “black”)
plot.margin = margin(18, 22, 18, 18)

)

print (p)

HH =
#tt Table: Mean prey consumption =+ SE
HH

mean_se_table <- df %>%
group by (lacewing, thrip) %>%
summarise (

n=n(,
mean = mean(eat, na.rm = TRUE)
se = sd(eat, na.rm = TRUE) / sqrt(n),
.groups = “drop”
) %>%
mutate (
Mean SE = sprintf("%.2f + %. 2f”, mean, se)
) %%
select(
Lacewing instar = lacewing,
Thrips stage = thrip,
Mean prey consumption SE = Mean SE
) %%

arrange (Lacewing instar, Thrips_stage)

mean_se_ table



cat (“\nDone. \n”)
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## Figure 2: Manly s preference index (alpha)
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rm(list = 1s())

## 1) Packages ———

pkgs <- c(“tidyverse”, “showtext”, ”“sysfonts”, “multcompView”)

for (p in pkgs) {
if (!requireNamespace(p, quietly = TRUE)) install.packages(p, dependencies = TRUE)
library (p, character.only = TRUE)

}

## 2) Font: Times New Roman ———-
font_add(

family = “Times New Roman”,

regular = “C:/Windows/Fonts/times. ttf”,

bold = ”C:/Windows/Fonts/timesbd. ttf”
)

showtext auto(enable = TRUE)

## 3) Read data ———
df <- read.csv(”"Book2. csv”, stringsAsFactors = FALSE)

## 4) Convert to long format ————
stage levels <- c¢("1”, 711”7, “pupa”, “adult”)
n0 <- 10

df long <- df %>%

mutate (
lacewing = factor (lacewing, levels = ¢ (1”7, "I17)),
no = factor (no)

) %%

pivot_longer (
cols = all of(stage levels),
names_to = “thrips_stage”,
values to = “consumed”

) %%

mutate (
thrips_stage = factor(thrips_stage, levels = stage levels),
consumed = as. numeric (consumed)

)

## 5) Calculate Manly s alpha ——-
df alpha <- df long %>%
group_by (lacewing, no) % %
mutate (



alpha_raw = -log((n0 - consumed + 0.5) / (n0 + 0.5)),
alpha = alpha raw / sum(alpha raw, na.rm = TRUE)

) %%

ungroup ()

## 6) Mean + SE table for plotting ——
tab plot <- df alpha %>%
group_by (lacewing, thrips_stage) % %
summarise (
n=n(,
mean_alpha = mean(alpha, na.rm = TRUE),
se_alpha = sd(alpha, na.rm = TRUE) / sqrt(n),
.groups = “drop”

)
print (tab plot)

## 7) Letters across thrips stages ——-
pw <- pairwise.wilcox. test(

x = df alpha$alpha,

g = df alpha$thrips _stage

p. adjust. method = “BH”,

exact = FALSE
)

pmat <- pw$p. value
pmat[is.na(pmat)] <- 1

letters vec <- multcompView::multcompLetters (pmat)$Letters

letters_df <- tibble(
thrips_stage = names(letters_vec),
letter = as.character (letters_vec)
) %%
mutate (thrips_stage = factor (thrips _stage, levels = stage levels))

letter pos <- tab plot %>%
group by (thrips stage) %%
summarise (
y = max (mean alpha + se alpha, na.rm = TRUE) + 0.05,
.groups = “drop”
) %%
left_join(letters_df, by = “thrips_stage”)

## 8) Plot ———
p line <- ggplot(
tab plot,
aes (
X = thrips stage
y = mean_alpha,

group = lacewing,
colour = lacewing

)
) +
geom_line(linewidth = 2) +
geom_point (size = 6) +
geom_errorbar (
aes(
ymin = mean _alpha — se alpha,

ymax = mean alpha + se alpha
))
width = 0. 15,
linewidth = 1.6
) +

geom_text (



data = letter pos,

aes (
X = thrips_stage,
y =1

label = letter
))
inherit.aes = FALSE,
family = “Times New Roman”,
fontface = "bold”,
size = 14
) +
scale_colour_manual (
values = c(
17 = "#0072B2”,
117 = "#EG9F00”
))
name = “Lacewing instar”
) +
scale y_continuous (
limits = ¢ (0, 0.85),
expand = expansion(mult = ¢ (0, 0.05))
) +
labs (
x = “Thrips developmental stage”,
y = "Manly’ s preference index (a)”
) +
theme classic(base size = 38, base family = “Times New Roman”) +
theme (
legend. position = “right”
legend. title = element text(size = 34, family = “Times New Roman”),
legend. text = clement text(size = 34, family = “Times New Roman”),
axis.title = element text(size = 38, family = “Times New Roman”),
axis. text = element text(size = 38, family = “Times New Roman”),
axis. line = element line(linewidth = 1.3),
plot. margin = margin(18, 22, 18, 18)
)

print (p_line)

## 9) Save ———-
ggsave (
filename = “Figure 2.tif”
plot = p_line,
width = 16,
height = 9,
units = “in”,
dpi = 300,
compression = “lzw

)
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## Choice experiment - prey consumption table

## Output: mean £ SE number of thrips consumed
HERHH TR R R T AR R R R

”

rm(list = 1s())
cat (”\014")

## 1) Packages
library (tidyverse)

t# 2) Read data
df <- read.csv("Book2. csv”, stringsAsFactors = FALSE)

## 3) Factor setup



df <-= df %>%
mutate (
lacewing = factor (lacewing, levels = c("17, "I17)),
no = factor (no)

)

## 4) Convert to long format (consumption counts)
df long <- df %>%
pivot longer(
cols = ¢(I, II, pupa, adult),
names_to = “thrips_stage”,
values _to = “consumed”
) %%
mutate (
thrips_stage = factor (thrips_stage
levels = ¢ ("17, 7117, “pupa”, “adult”)),
consumed = as. numeric (consumed)

)

## 5) Summary function
se <- function(x) sd(x, na.rm = TRUE) / sqrt(sum(!is.na(x)))

## 6) Generate summary table (mean + SE)
consumption_table <- df long %>%
group_by (lacewing, thrips_stage) % %
summarise (
mean_consumed = mean(consumed, na.rm = TRUE),
se_consumed se (consumed),
n sum(!is. na(consumed)),
. groups
) %%
mutate (
mean se = sprintf ("%. 2f + %.2f”, mean consumed, se consumed)
) %%
select (lacewing, thrips_stage, mean_se, n)

”drop”

print (consumption_table)
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##t Lacewing development — KM survival plot

## Legend right + thick line + Times New Roman size 38

##t No risk table
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## 0) Packages ———

pkgs <- c¢(“tidyverse”, “lubridate”, ”janitor”, ”stringr”,
“survival”, “survminer”, ”sysfonts”, “showtext”)

to_install <- pkgs[!pkgs %in% rownames (installed. packages())]

if (length(to install) > 0) install.packages(to install)

invisible (lapply(pkgs, library, character.only = TRUE))

options (l1ifecycle verbosity = “quiet”)

## 1) Font: Times New Roman everywhere ———-
## Use sysfonts + showtext (correct way)
showtext: :showtext auto(enable = TRUE)

try ({
sysfonts::font add(family = “TNR”, regular = “Times New Roman”)
}, silent = TRUEL)

registered families <- sysfonts::font families()
if (! (“INR” %in% registered families)) {
font base family <- “serif”
I else {
font base family <- ”“TNR”
}

## 2) Read data ——-
dat_raw <- read.csv(”“book4. csv”, fileEncoding = “UTF-8-BOM”, check.names = FALSE) %>%
janitor::clean names ()

if(1”diet” %in% names(dat raw)) names(dat raw)[1] < “diet”
stage _cols <- ¢ (”i”, 7ii”, 7iii”, “cocoon”, “adult”)
missing cols <- setdiff(stage cols, names(dat raw))
if (length(missing cols) > 0) {
stop ("Missing columns in book4.csv: 7, paste(missing cols, collapse =7, 7))

}

## 3) Clean + standardize diet ——-
dat <- dat raw %>%
mutate (
diet = str_squish(as. character(diet)),
diet = str _replace all(diet, fixed(”C.lactis”), ”C. lactis”),
diet = str replace all(diet, fixed(”C lactis”), ”C. lactis”),
diet = str_replace _all(diet, regex(” thrips?$”, ignore case = TRUE), “Thrip”)
diet = str_replace_all(diet, regex(“moth\\s*egg”, ignore case = TRUE), “Moth egg”)
) %%
mutate (
diet = casc_when(
str detect(diet, regex(” thrip”, ignore case = TRUE)) ~ “Thrip”,
str detect(diet, regex(“lactis”, ignore case = TRUE)) ~ ”C. lactis”
str detect(diet, regex(“moth”, ignore case = TRUE)) ~ “Moth egg”,
TRUE ~ diet
))
diet = factor(diet, levels = c¢("Thrip”, ”“C. lactis”, "Moth egg”))
) %%
mutate (across(all of (stage cols), " str squish(as.character(.)))) %>%
mutate (across(all of (stage cols), "na if(., ”77))) %%
mutate (across(all of (stage cols), “ifelse(tolower(.) %in% c(“dead”, "died”), “dead”, .)))



cat (“"\nCounts by diet:\n”)
print (table(dat$diet, useNA = “ifany”))

## 4) Parse dates ——

parse stage date <- function(x) {
out <- ifelse(is.na(x) | x == “dead”, NA character_ , x)
lubridate::ymd(out, quiet = TRUE)

}

dat2 <- dat %>%
mutate (across(all of (stage cols), parse stage date, .names = “{.col} date”)) %%
mutate (across(all of (stage cols), ~(. == "dead”), .names = "{.col} dead”))

## 5) Build survival dataset ——-
dat2 <- dat2 %>%
rowwise () %>%
mutate (
death_stage = {
ds <- stage cols[which(c_across(paste0(stage cols, ” dead”)))]
if (length(ds) == 0) NA character_ else ds[1]
1
!
start date = {
id <= i _date
if(lis.na(id)) id else {
dvec <~ c_across(paste0(stage cols, ” date”))
dvec <- dvec[!is.na(dvec)]
if (length(dvec) == 0) as.Date(NA) else min(dvec)

I
last_date = {
dvec <- c_across(paste0(stage cols, 7 date”))
dvec <- dvec[!is.na(dvec)]
if (length(dvec) == 0) as.Date(NA) else max(dvec)

) %%

ungroup () %>%

mutate (
event = ifelse(!'is.na(death stage), 1, 0),
time days = as.numeric(last date — start date)

) %>%

filter (!is.na(diet)) %>%

filter (!is.na(time_days) & time_days >= 0)

cat ("\nEvent / censor summary:\n”)
print (dat2 %>% count(diet, event))

## 6) Fit KM ———
fit surv <- survfit(Surv(time days, event) ~ diet, data = dat2)

## 7) Plot (NO risk table) ———
base sz <- 38
line w <- 2.8

p <- ggsurvplot(

fit surv,

data = dat2,

conf. int = FALSE,

pval = TRUE,

risk. table = FALSE, # no number at risk

legend = “right”

legend. title = “"Diet”,

xlab = “Days”

ylab = “Survival probability”,
linewidth = line w,



ggtheme = theme classic(base _size = base sz, base family = font base family)

p$plot <- p$plot +
theme (
text

element text (family

font base family, size = base sz)

axis.title = element text(family = font base family, size = base sz)

axis.text = element text(family = font base family, size = base_sz)
legend. position = “right”
legend. title = element text(family = font base family, size = base sz),

element_text (family

legend. text
)

font base family, size

print (p)
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## 8) Log-rank test (Chi-square output for manuscript) ———
HERHHTH AR H R E AR R R R H SR

logrank res <- survdiff (Surv(time days, event) ~ diet, data = dat2)

chisq val <- logrank res$chisq
df val <{- length(logrank res$n) - 1
p_val <~ 1 - pchisq(chisq val, df val)

“\nLog-rank test results:\n”)

sprintf (“Chi-square = %. 3f\n”, chisq val))
sprintf ("Degrees of freedom = %d\n”, df val))
sprintf ("P-value = %.5f\n”, p_val))

cat
cat
cat
cat

S~~~ A~
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## End
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##t Lacewing development time analysis

## Mean + SEM table

HERHHTH AR H R H A R R R H S A

base_sz)



library (tidyverse)
library (lubridate)
library (janitor)
library(stringr)

## 1) Read data ———
dat_raw <- read.csv(“book4. csv”, fileEncoding = “UTF-8-BOM”, check.names = FALSE) %>%
janitor::clean names ()

if(1”diet” %in% names(dat _raw)) names(dat _raw)[1] <- “dict

stage cols <- c("i”

##t 2) Clean diet & strings ——-

dat <- dat_raw %>%
mutate (

7w

”
s 11,

”

“cocoon”, “adult”)

diet = str_squish(as. character(diet)),
diet = case_when(
str_detect(diet, regex(” thrip”, ignore case
str_detect(diet, regex(“lactis”, ignore case
str_detect(diet, regex(“moth”

TRUE ~ diet
)’
diet = factor(d
) %%

ignore case =

TRUE)) = “Thrip”,

= TRUE)) ~ ”C. lactis”
TRUE)) ~ “Moth egg”,

iet, levels = ¢(“Thrip”, ”“C. lactis”, “Moth egg”))

mutate (across (all of (stage cols), ~str squish(as.character(.)))) %>%
mutate (across(all of (stage cols), "na if(., ”7))) %%

mutate (across(all of (stage cols), “ifelse(tolower(.) %in% c(“dead”, "died”), NA,

## 3) Parse dates ———-—

parse_stage date <- function (x) {
lubridate::ymd(x, quiet = TRUE)

}

dat2 <- dat %>%

mutate (across (all of (stage cols), parse stage date, .names =

## 4) Calculate development durations (days) ————

dat_dev <- dat2 %>%
mutate (

dur i ii =

dur ii iii =

dur iii coc =

dur_coc_adult

dur i adult =

)

## 5) Convert to long format ———-—

dev_long <- dat_dev
select(diet,
dur i ii,

as.numeric(ii date — i date),

as.numeric(iii_date - ii_date),

as. numeric (cocoon_date — iii_date),
as. numeric (adult _date — cocoon_date),

as. numeric (adult date — i date)

%>%

dur ii iii,

dur iii coc,

dur_coc_adult, dur_i_adult) %>%

pivot_ longer (
cols = —diet,
names_to = “sta
values _to = “da
) %%

”
ge ,

”
ys

filter(!is.na(days) & days >= 0)

##t Nice labels for

dev_long <- dev_lon
mutate (

stage = recode(

table
g %%

stage,
dur i ii

— //I

. I:[”,

”{.col} date”))

D))



dur ii iii =711 — 1117,
dur_iii coc = "III — Cocoon”,
dur_coc_adult = “Cocoon — Adult”,
dur_i adult =71 — Adult”)

)

## 6) SEM table ———
sem_table <- dev_long %>%
group by (diet, stage) %>%
summarise (
n =n(),
mean = mean(days),
sd = sd(days),
sem sd / sqrt(n),
mean_sem = sprintf("%. 2f + %.2f”, mean, sem),
.groups = “drop”
) %>%
arrange (stage, diet)

print (sem_table)

## 7) Export table ——-
write. csv(sem_table, “"Mean SEM development time.csv”, row.names = FALSE)
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## End
s e



