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Supplementary analyses for Experiments 1 and 2
For both Experiments 1 and 2, we ran additional, simpler analyses using Prism v. 9. Here, we compared the median (THC) or mean (methamphetamine; depending on whether data were normally distributed) response categories for the first eight trials, compared with the middle eight trials and the final eight trials for each treatment (i.e., trials 1-8, 37-44 and 73-80, inclusive). For Experiment 1, we ran Friedman’s tests due to the repeated measures nature of the data, while for Experiment 2, we ran repeated measures ANOVA and paired t-tests.
	For Experiment 1, we found significant effects of time bin (beginning, middle and end) on response, for THC (X22 = 45.13, p < 0.001), vehicle control (X22 = 36.95, p < 0.001), and water control (X22 = 35.78, p < 0.001), with Dunn’s multiple comparisons for all treatments showing significant differences between the beginning (which had a greater response) and middle as well as the end, but no difference between the middle and end of trials. However, we found no differences between treatments within each time bin (beginning X22 = 1.481, p = 0.48; middle X22 = 0.03, p = 0.986; end X22 = 3.529, p = 0.17), although spiders were less responsive at the end in the THC treatment compared to the controls (Supplementary Figure 1).
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Supplementary Figure 1. Boxplots depicting median, 25% and 75% percentiles and Min and Max median response categories at the beginning (beg), middle (mid) and end of 80-trial testing of Trite planiceps administered with THC, vehicle control (Veh), or a water control when presented with a repeated visual stimulus.

For Experiment 2, we found significant effects of time bin (beginning, middle and end) on response, for both methamphetamine (F1.996, 55.88 = 264.9, p < 0.001), and water control (F1.548, 43.34 = 167.2, p < 0.001), with Dunn’s multiple comparisons for both treatments showing significant differences between all three time bins (Supplementary Figure 2). Paired t-tests within each time, but between treatments, showed that responses were significantly greater at the beginning of the methamphetamine treatment than the control (t28 = 4.341, p = 0.002), but no difference was found between treatments for the middle (t28 = 0.436, p = 0.67) and end (t28 = 0.618, p = 0.54) time bins, suggesting that while time had a strong effect, methamphetamine had a significant stimulant effect at the beginning of tests. 
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Supplementary Figure 2. Boxplots depicting median, 25% and 75% percentiles and Min and Max median response categories at the beginning (beg), middle (mid) and end of 80-trial testing of Trite planiceps administered with methamphetamine (Meth) or a water control when presented with a repeated visual stimulus.

[bookmark: _Toc130994873][bookmark: _Toc131173127][bookmark: _Toc131173342][bookmark: _Toc131173502]BLAST search methods
We used data from Illumina sequencing of the salticid species Marpissa marina (Nelson, unpublished data) to perform Basic Local Alignment Search Tool (BLAST) searches. Raw sequencing reads were imported into CLC Genomics Workbench (version 22.0.2, QIAGEN, Aarhus, Denmark). Upon import, the two sequencing files were paired to give one paired read file. We used CLC Genomics Workbench to create a local BLAST database to use for local BLAST searches of sequences of interest, to understand whether particular genes were present or absent in the M. marina genome. Nucleotide sequences for chosen genes (Supplementary Table 1) were downloaded from the NCBI database within CLC and were used to search for regions of homology in the M. marina genome. The choice of query sequences was restricted to other arthropods where possible. However, in some instances, these were limited by the available spider genome sequences, so more evolutionarily distant species were used as query nucleotide sequences.

Supplementary Table 1. Results from BLAST searches of the Marpissa marina genome. TRP = transient receptor potential; CNR1 = cannabinoid receptor; CB1 = cannabinoid receptor; PPAR-alpha = peroxisome proliferator-activated receptor alpha. No homology = no significant homology was found to input into Clustal, the program used to calculate % homology between M. marina and the query sequence.
	Gene 
	Query sequence accession number
	Species
	Percent homology query

	Actin 5C
	NM_001297986
	Drosophila melanogaster (fly)
	72.68

	Trp A1
	XM_043049018
	Parasteatoda tepidariorum (spider)
	42.86

	Trp V5
	XM_043041021
	Parasteatoda tepidariorum (spider)
	57.41

	Trp M1
	XM_043044092
	Parasteatoda tepidariorum (spider)
	42.46

	CNR1
	NM_001365874
	Homo sapiens (human)
	No homology found

	CB1
	X55812
	Rattus norvegicus (rat)
	No homology found

	PPAR-alpha
	XR_002755715.1
	Centruroides sculpturatus (scorpion)
	No homology found



The BLAST search provided a set of M. marina reads that were homologous to the target sequence, but were still present as individual (i.e., 150bp) Illumina sequencing reads. In order to determine overall percentage homology to the query sequence, once BLAST searching was complete, if significant regions of homology were detected, the CLC Genomics Workbench was used to create a consensus sequence from the individual M. marina sequencing reads. This was submitted, along with the query nucleotide sequence, to Clustal Omega (https://www.ebi.ac.uk/Tools/msa/clustalo/) from where the percent homology of the input query sequence to the M. marina genome could be calculated. Searches were made for a variety of receptor types that may mediate responses to THC, including cannabinoid binding receptor sites (CBRs), transient receptor potential channels (TRPs) and peroxisome proliferator-activated receptor (PPAR)-alpha. Genome sequences from the house spider Parasteatoda tepidariorum (Schwager et al., 2017) were sourced for TrpA1, TrpV5 and TrpM1. However, for CBRs or PPARs there are no published sequences in the literature for spiders, and a combination of other species were used for these BLAST searches (Supplementary Table 1). As a comparison, we used the sequence for the Actin 5C gene from Drosophila melanogaster as a housekeeping (and therefore likely highly conserved cross-species) gene.

[bookmark: _Toc130994874][bookmark: _Toc131173128][bookmark: _Toc131173343][bookmark: _Toc131173503][bookmark: _Toc131174063]BLAST search results
There was no evidence from a BLAST search for the presence of CBRs in M. marina. As seen in Supplementary Table 1, homology values were not 100% because of gaps in the target sequence (M. marina). However, given the contrast between TRP outputs and those of the CBRs and PPAR-alpha sequences (where no homology was detected), the alignments indicate that TRP channel genes are likely present in M. marina. THC is known to have activity at sites other than CBRs, including at transient receptor potential proteins (TRP) (Caterina, 2014). We found several TRP sequence homologies, suggesting that other routes of action for THC, such as TRPs, may exist and potentially explain the slight behavioural effects observed in Experiment 1. Specifically, the transient receptor potential (TRP) cation channel, subfamily A, member 1 (or TRPA1) is present in salticids and is known to interact with THC (Andersson et al., 2008; Hinman et al., 2006). 
There were two possibilities as to why no homology for CBRs and PPAR-alpha was found for M. marina sequences: either they do not possess the sequences, or they do possess the sequences, but these were not coming up in searches due to not having a good reference sequence for that part of the genome (i.e., analyses were limited by the evolutionary distance of the query sequence). To test which of these two possibilities was more likely, the quality of the M. marina genome was queried by checking for the presence of housekeeping genes for a baseline homology test using Actin 5C. Actin is the most abundant protein in most eukaryotic cells, is highly conserved and participates in more protein-protein interactions than any other known protein (Dominguez & Holmes, 2011). As high levels of homology between M. marina and Drosophila melanogaster at housekeeping gene sequences (Actin 5C), the analyses were not limited by the evolutionary distance of the query sequence. This provides some confidence that, where a sequence was not detected in M. marina, it is more likely that the sequence was not present, rather than the lack of homology being a function of evolutionary distance between the query and the target sequences, or from any gaps in the sequencing output from M. marina. 
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Pharmacological radioligand investigation methods
[bookmark: _Hlk109131976]Radioligand binding has previously been used to identify a functional cannabinoid binding site in a range of invertebrate species (e.g., McPartland et al., 2001, 2006). Spider tissues from Trite planiceps were prepared based on established methods (Finlay et al., 2017; Kokay & Mercer, 1996; McPartland et al., 2006). Briefly, three frozen spiders were dissected as quickly as possible on a dissection tray atop a bed of dry ice. The dissected tissues were immediately homogenized in glass homogenizers in 50-fold volume of ice-cold lysis buffer (10 mM MOPS, 1 mM EDTA, 200 µM PMSF), followed by centrifugation at 1000 × g for 10 min at 4°C to remove fragments of connective tissue. Finally, the homogenate was centrifuged twice at 30 000 × g for 45 min at 4°C to obtain the membrane pellet. Protein concentration was determined via a BioRad DC protein assay (modified Lowry assay).
Ligand binding assays were performed according to established methods (Finlay et al., 2017; McPartland et al., 2006), using [3H]CP55,940 – a synthetic CB1 and CB2 agonist. Here, membrane samples (20 or 25 µg/point) were added into wells of a 96-well polypropylene V‐well plate, containing 6.3 nM [3H]CP55,940 in binding buffer (50 mM HEPES pH 7.4, 1 mM MgCl2, 1 mM CaCl2, 2 mg/ml BSA) in a final reaction volume of 200 µl. Non-specific binding was defined in the presence of non-radiolabelled CP55,940 (10-5M). The plate was then sealed and incubated for 1 h at 30°C. After incubation, equilibrated binding mixture was then transferred to the harvest plate (Merk Millipore, GF/C filters, 1.2 µm pores) pre-soaked in 0.1% polyethyleneimine and samples were rapidly filtered under vacuum using a vacuum manifold (Pall Corporation, Port Washington, NY), followed by washing four times with 100 µl of washing buffer (50 mM HEPES pH 7.4, 500 mM NaCl, 1 mg/ml BSA). The plate was then removed, and filters were allowed to dry overnight. After removal of the bottom, the plate was inserted into a Perkin Elmer 96 well “rigid” cassette. The bottom of the whole set was sealed followed by addition of 50 µl of Ultima Gold XR scintillation fluid (Perkin Elmer) to each well. The plate top was then sealed and loaded into a Wallac MicroBeta2® TriLux Liquid Scintillation Counter (Perkin Elmer). Scintillation was detected after a 30 min delay, for 2 mins per well. Counts were corrected for detector efficiency. Data were then exported and analysed in GraphPad Prism v9 (GraphPad Software Inc., La Jolla, CA, USA). To combine data from three independent experiments, data from each biological replicate was normalised to the total binding (radioligand only). Raw data were analysed using a t-test to determine if non-specific binding, defined in the presence of the displacer, was significantly less than total binding; significance was defined as P<0.05.  
[bookmark: _Toc130994878][bookmark: _Toc131173132][bookmark: _Toc131173347][bookmark: _Toc131173507]
Pharmacological radioligand investigation results
Radioligand binding was utilised to determine if a functional cannabinoid binding site could be identified in T. planiceps, using an approach that has previously identified the likelihood of CBR in a range of invertebrates (McPartland et al., 2006). However, here the radioligand bound was equivalent between the total and non-specific binding conditions (total: 3874 ± 140 vs non-specific: 4203 ± 181; t4 = 1.436, P = 0.22, n = 3). Specific binding to a receptor would be represented by the ability of non-radioactive CP55,940 to compete for the binding site with the radioligand (total – non-specific binding = specific binding). In T. planiceps spider tissue, no displacement was observed even up to 10 µM CP55,940 (specific binding = -8 ± 0.8 % of total binding; mean ± SEM). Given that CP55,950 has a similar structure to THC, but recognizes cannabinoid receptors with higher affinity, this lack of competition suggests no CBR-like receptor is present. 
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Data analysis code

TCH

setwd("C:\\Users\\bonni\\OneDrive - University of Canterbury\\Uni\\PhD\\Data analysis\\R\\THC salticid tests\\Data")
dat <- read.csv("THC final both binom 3 as 2.csv")
head(dat)

dat$spider <- as.factor(dat$spider)
dat$cond <- as.factor(dat$cond)

dat$resp <- ordered(dat$resp)
dat$resp <- ordered(dat$resp, levels=c("2", "1", "0"))



#reshaping and fitting a Bonnie-like model to the data 
library(reshape)
dat$cond <- factor(dat$cond, levels=c("w", "vehicle", "thc"))
levels(dat$cond) <- c("w", "vehicle", "thc")

ggplot(data = dat, aes(x = trial, y = spider, fill = factor(resp))) +
  geom_tile() +
  scale_fill_manual(values = c("0" = "grey", "1" = "yellow", "2" = "hotpink")) +
  labs(
    x = "Trials",
    y = "Spiders",
    title = "Colored Grid Plot",
    fill = "Responses"
  ) +
  facet_wrap(~cond, ncol = 1)

ggsave(filename = "THC Grid Plot.eps", device = "eps", width = 210, height = 297, units = "mm", dpi = 300)

install.packages("ordinal")
library(ordinal)
#new model test (sq2)
trial_center <- mean(dat$trial)
trial_sd <- sd(dat$trial)
dat$trial <- (dat$trial - trial_center) / trial_sd

#new model test sq
model2 <- clmm(resp ~ cond*(trial + I(trial^2)) + (1+cond*(trial+I(trial^2))|spider), data = dat, control=clmm.control(
    #trace = -1,
    maxIter = 200,
    maxLineIter = 200
  )
)

# create a data frame corresponding to the scenarios for predictions
pred_data <- expand.grid(
  cond=levels(dat$cond),
  trial=unique(dat$trial)
)

# for each treatment calculate the leftward probability (boundary between response categories)
# and then convert these into a probability for each response
pred_mat <- as.data.frame(matrix(NA, nrow(pred_data), length(model2$Theta)+1))
colnames(pred_mat) <- levels(dat$resp)
for(i in 1:nrow(pred_data)){
  # determine what the effect of condition is (if any)
  beta_cond <- ifelse(
    any(grepl(pred_data[i,"cond"],names(coef(model2)))),
    coef(model2)[paste0("cond",pred_data[i,"cond"])],
    0
  )
  
  # determine the slope of the trial effect, including the condition x trial interaction
  beta_trial <- ifelse(
    any(grepl(pred_data[i,"cond"],names(coef(model2)))),
    coef(model2)["trial"] + coef(model2)[paste0("cond",pred_data[i,"cond"],":trial")],
    coef(model2)["trial"]
  )
  
  beta_trialsq <- ifelse(
    any(grepl(pred_data[i,"cond"],names(coef(model2)))),
    coef(model2)["I(trial^2)"] + coef(model2)[paste0("cond",pred_data[i,"cond"],":I(trial^2)")],
    coef(model2)["I(trial^2)"]
  )
  
  # calculate the thresholds between response categories
  thresholds <- c(0,plogis(model2$Theta - beta_cond - beta_trial * pred_data[i,"trial"] - beta_trialsq * pred_data[i,"trial"]**2),1)
  
  # convert those thresholds into probabilities in each category
  pred_mat[i,] <- thresholds[2:length(thresholds)] - thresholds[1:(length(thresholds)-1)]
}

# combine the predictions with the treatment data
pred_data <- cbind(pred_data, pred_mat)

# unscale trial
pred_data$trial <- pred_data$trial * trial_sd + trial_center

# put a set of treatments to make a plot
bingo <- subset(pred_data, cond=="thc")


#plotting by response category----
water <- subset(pred_data, cond=="w")
vehicle <- subset(pred_data, cond=="vehicle")
thc <- subset(pred_data, cond=="thc")

#response 2/'interest'
matplot(
  water$trial,
  water[,c("2")],
  ylim=c(0,0.4),
  type='l',
  col = c('blue'),
  xlab = 'Trial',
  ylab = 'Probability of interest response',
)
lines(vehicle$trial,vehicle[,"2"],col='orange')
lines(thc$trial,thc[,"2"],col="green")


matplot(
  water$trial,
  water[,c("1")],
  ylim=c(0,0.7),
  type='l',
  col = c('blue'),
  xlab = 'Trial',
  ylab = 'Probability of general movement',
)
lines(vehicle$trial,vehicle[,"1"],col='orange')
lines(thc$trial,thc[,"1"],col="green")


matplot(
  water$trial,
  water[,c("0")],
  ylim=c(0,0.7),
  type='l',
  col = c('blue'),
  xlab = 'Trial',
  ylab = 'Probability of no movement',
)
lines(vehicle$trial,vehicle[,"0"],col='orange')
lines(thc$trial,thc[,"0"],col="green")

install.packages('ggeffects')
require(ggeffects)
bingo <- ggpredict(model2)
plot(bingo, terms = c("cond"))



Methamphetamine

setwd("C:\\Users\\bonni\\OneDrive - University of Canterbury\\Uni\\PhD\\Data analysis\\R\\Meth\\Data")
dat <- read.csv("Meth analysis 3 as 2.csv")
head(dat)

dat$spider <- as.factor(dat$spider)
dat$cond <- as.factor(dat$cond)

dat$resp <- ordered(dat$resp)
dat$resp <- ordered(dat$resp, levels = c("0", "1", "2"))



library(ordinal)

#reshaping and fitting a Bonnie-like model to the data 
library(reshape)
dat$cond <- factor(dat$cond, levels=c("water", "meth"))
levels(dat$cond) <- c("water", "meth")


library(ggplot2)
dat$resp <- as.factor(dat$resp)

ggplot(data = dat, aes(x = trial, y = spider, fill = factor(resp))) +
  geom_tile() +
  facet_wrap(~cond, scales = "free", ncol = 1) +
  scale_fill_gradient(low = "white", high = "blue") +
  labs(
    x = "Trials",
    y = "Spiders",
    title = "Colored Grid Plot",
    fill = "Responses"
  )



#new model test (sq2)
trial_center <- mean(dat$trial)
trial_sd <- sd(dat$trial)
dat$trial <- (dat$trial - trial_center) / trial_sd

#new model test sq
mmodel2 <- clmm(
  resp ~ cond*(trial + I(trial^2)) + (1+cond*(trial+I(trial^2))|spider),
  data = dat,
  control=clmm.control(
    #trace = -1,
    maxIter = 200,
    maxLineIter = 200
  )
)

# create a data frame corresponding to the scenarios for predictions
pred_data <- expand.grid(
  cond=levels(dat$cond),
  trial=unique(dat$trial)
)

# for each treatment calculate the leftward probability (boundary between response categories)
# and then convert these into a probability for each response
pred_mat <- as.data.frame(matrix(NA, nrow(pred_data), length(mmodel2$Theta)+1))
colnames(pred_mat) <- levels(dat$resp)
for(i in 1:nrow(pred_data)){
  # determine what the effect of condition is (if any)
  beta_cond <- ifelse(
    any(grepl(pred_data[i,"cond"],names(coef(mmodel2)))),
    coef(mmodel2)[paste0("cond",pred_data[i,"cond"])],
    0
  )
  
  # determine the slope of the trial effect, including the condition x trial interaction
  beta_trial <- ifelse(
    any(grepl(pred_data[i,"cond"],names(coef(mmodel2)))),
    coef(mmodel2)["trial"] + coef(mmodel2)[paste0("cond",pred_data[i,"cond"],":trial")],
    coef(mmodel2)["trial"]
  )
  
  beta_trialsq <- ifelse(
    any(grepl(pred_data[i,"cond"],names(coef(mmodel2)))),
    coef(mmodel2)["I(trial^2)"] + coef(mmodel2)[paste0("cond",pred_data[i,"cond"],":I(trial^2)")],
    coef(mmodel2)["I(trial^2)"]
  )
  
  # calculate the thresholds between response categories
  thresholds <- c(0,plogis(mmodel2$Theta - beta_cond - beta_trial * pred_data[i,"trial"] - beta_trialsq * pred_data[i,"trial"]**2),1)
  
  # convert those thresholds into probabilities in each category
  pred_mat[i,] <- thresholds[2:length(thresholds)] - thresholds[1:(length(thresholds)-1)]
}

# combine the predictions with the treatment data
pred_data <- cbind(pred_data, pred_mat)

# unscale trial
pred_data$trial <- pred_data$trial * trial_sd + trial_center


#plotting by response category----
water <- subset(pred_data, cond=="water")
meth <- subset(pred_data, cond=="meth")

#response 2/'interest'
matplot(
  water$trial,
  water[,c("2")],
  ylim=c(0,0.7),
  type='l',
  col = c('black'),
  xlab = 'Trial',
  ylab = 'Probability of interest response',
)
lines(meth$trial,meth[,"2"],col="blue")


matplot(
  water$trial,
  water[,c("1")],
  ylim=c(0,0.7),
  type='l',
  col = c('black'),
  xlab = 'Trial',
  ylab = 'Probability of general movement',
)
lines(meth$trial,meth[,"1"],col="blue")


matplot(
  water$trial,
  water[,c("0")],
  ylim=c(0,0.7),
  type='l',
  col = c('black'),
  xlab = 'Trial',
  ylab = 'Probability of no movement',
)
lines(meth$trial,meth[,"0"],col="blue")


#posthoc
library(emmeans)
PHthc <- emtrends(mmodel2, ~ cond, var = "trial")
contrast(PHthc, method="trt.vs.ctrl")
plot(PHthc)
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