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CODE DOCUMENTATION
File: 01_Filtering_specimens_generating_FA.R
This file is used to generate the values of fluctuating asymmetry (FA) and for quality control. The input to this code are the files containing the positions of the 13 landmarks on the left and right forewings of the bumblebee museum specimens, where each specimen has both wings landmarked. 
The code starts (for each species in turn) reading in the landmark data, flipping the left wings (to make on the same plane as the right forewings). 
Then, any bees that have upside down wings will have their wings flipped to the correct orientation.
The code then starts with the quality control. This is done using two mechanisms: 1) by looking at how differently angled the wings are (it does this by looking at the difference in y axis position between landmarks 1 and 10 for each wing, then calculating the differential); 2) by looking at how different each specimen wing is to the mean wing shape of all specimens for that species, after Procrustes alignment. In this script, multiple cut-off are tested to see which cut-off maximises quality control and minimizes the number of samples lost.
After “low-quality” specimens are removed, the wings are Procrustes aligned, and wing shape fluctuating asymmetry (Procrustes distance) is calculated.
A csv of the Procrustes distances is then exported.
Required input files: TPS files for all specimens; and csv files listing which specimens have upside down wings (“Orientation data”).
Output files: csv files with fluctuating asymmetry for each specimens under different quality control cut-offs.

File: 02_Testing_for_directional_asymmetry.R
This code was used to assess directional asymmetry and possible measurement error in the left and right forewings.
The input to this code are the files containing the positions of the 13 landmarks on the left and right forewings of the bumblebee museum specimens, where each specimen has both wings landmarked. 
The code starts (for each species in turn) reading in the landmark data, flipping the left wings (to make on the same plane as the right forewings), and flipping any wings that are upside down to the correct orientation.
Then the wings go through quality control: 1) by looking at how differently angled the wings are ; and 2) by looking at how different each specimen wing is to the mean wing shape of all specimens for that species, after Procrustes alignment. In this script, only one cut-off for wing quality and angle are used (0 and 1, respectively), but other cut-offs could be tested.
After “low-quality” specimens are removed, the wings are Procrustes aligned, and the aligned coordinates are combined into a geomorph dataframe. The a Procrustes ANOVA is conducted, and the results of this are exported as a csv.
Required input files: TPS files for all specimens; and csv files listing which specimens have upside down wings (“Orientation data”).
Output file: csv files with assessment of directional asymmetry and measurement error for each species and sex, under different quality control cut-offs.

File: 03_Repeatability_analysis.R
This script is used to assess the repeatability of landmarking, and whether the two main wing landmarkers performed consistently.
This script uses TPS files as inputs, in which the left and right forewings of 20 specimens of one species were landmarked three times by two landmarkers.
It processes the wing landmark coordinates into a format from which they can be Procrustes aligned. Then Procrustes distance between corresponding left and right wings is calculated (wing shape fluctuating asymmetry; FA), as is the centroid size asymmetry.
Then, wing shape FA is plotted by landmarker and date landmarked, and a linear mixed effects model is used to test whether there are any significant differences between the landmarkers or date landmarked.
Required input files: TPS files used for repeatability analysis (Repeatability_analysis_TPS_files)
No output files are produced.
File: 04_Rarefying_FA_data_even_temporal_coverage
This script aims to get a more even temporal coverage of fluctuating asymmetry data over the century. It randomly keeps at least one specimen of each combination of bee species, caste, climate region, year collected and month collected.
Then, for years which still had >20 samples, it randomly reduces the number of samples to be <20. 
A csv of the subsampled data is then exported.
Required input files: 20210409_updated_dataset.csv
Output files: Subsampled_FA_Data_0_1_v3.csv

File: 05_Statistical_analysis_plot_report
This script analyses and plots the fluctuating asymmetry data using generalized additive models. It analyses: 1) whether fluctuating asymmetry differs between the four bumblebee species; 2) whether fluctuating asymmetry differs between the first and second half of the 20th century and how this varies for each bee species; 3) how FA changes over the 20th century when time is continuous; and 4) how FA correlates with mean annual temperature and annual precipitation.
Model selection is done by fitting a “maximal” model, containing all possible variables, then simplified using stepwise variable removal. Plotting of model estimates is done with the predict.gam() function.
The script also contains GAM analyses included in the supplementary analyses of the manuscript: Arce & Cantwell-Jones et al. (Journal of Animal Ecology).
Required input files: Subsampled_FA_Data_0_1_v3.csv
Output files: Plots of the model estimates with raw data.
