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Data documentation
Collection/generation methods
Please refer to the manuscript: “Signatures of increasing environmental stress in bumblebee wings over the past century: Insights from museum specimens” (Arce & Cantwell-Jones et al.)” for how data were collected.
In brief, high-resolution images were taken of bumblebee specimens (and their label data) from five UK museums: Natural History Museum (London), National Museums Scotland, Oxford University Museum of Natural History, Tullie House Museum and Art Gallery, and World Museum (Liverpool). The bumblebee species include Bombus hortorum, B. muscorum, B. lapidarius, B. pascuorum and B. sylvarum. All bumblebee specimens were collected from Britain, between the 19th and 21st century. The label data were transcribed and, for many specimens, include location and date collected. Where possible, the specimen collection locations were assigned latitude and longitude coordinates using Google Maps’ Geocoding application programming interface.
For each bumblebee specimen, the shapes of the left and right forewings were characterised by manually plotting thirteen landmarks on each wing (Fig. 1) using software tpsDig232 and tpsUtil64.
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	Figure 1: Positions of wing venation landmarks on the left and right forewings. Figure credit: Andres Arce.

	
For downstream analyses, we only included bumblebees that had both left and right forewings landmarked. We then aligned wings to have the same scale, location and rotation (Procrustes alignment). By comparing the positions of the landmarks on the left and right forewings, we estimated wing shape fluctuating asymmetry (measured as Procrustes distance), using the “geomorph” package in R.



Quality control
Please refer to the manuscript: “Signatures of increasing environmental stress in bumblebee wings over the past century: Insights from museum specimens” (Arce & Cantwell-Jones et al.)” and code file “01_Filtering_specimens_generating_FA.R” and “03_Repeatability_analysis.R” for information on quality control.
In brief, to assess the consistency in which the thirteen landmarks were placed on the bumblebee wings, the two main data collectors thrice landmarked a subset of the bumblebee specimens (20 B. hortorum drones). Mixed-effects models confirmed no significant differences between the two data collectors and their repeated landmarking.
To assess measurement error, each specimen had their wings landmarked twice. A Procrustes ANOVA confirmed the absence of significant measurement error.
To ensure only “high-quality” bumblebee wings were included, we filtered specimens based on how similar their wing shape is to the mean wing shape of their species. We additionally filtered individuals that had their left and right forewings at very different angles. Wing angle was calculated by calculating the difference between the y-coordinates of landmarks 1 and 10 (Fig. 1); wing angle differential was calculated using the absolute difference between the wings angles of the left and right forewings. We tested multiple potential cut-offs for filtering wing shape and angle (to minimise possible error from “low-quality” specimens but maximise sample size), but file “20210409_updated_dataset.csv” contains specimens within the 75th percentile for wing shape, and for wing angle, the 75th percentile plus the interquartile range.
Data
In the csv files, any cell with ‘NA’ means that the data was ‘Not Available’.
Orientation data (Orientation_species_sex)
Csv files for each species and sex and details the orientation of the left and right forewings. Each file contains the “ImageID” of the specimen image; the “Wing” in question (i.e. left or right), the “Species”, the Sex (column called “Caste”); the “Orientation” of the wing (i.e. if the wing is perpendicular to the body – “horizontal” – or parallel – “Vertical”); and whether the wing is upside down “Flipped” (“Y”) or not (“N”).
File: FA_data_with_metadata_3_3.csv
File with data on wing shape fluctuating asymmetry (FA; measured as Procrustes distance) for five bumblebee species (Bombus hortorum, B. lapidarius, B. pascuorum, B. muscorum and B. sylvarum). These FA values have not undergone quality control (the only specimens that have been filtered out are those with wing shapes and wing-angle differences greater than 3 × the interquartile range above the upper quartile of the distribution). 
This file contains the ID of the bumblebee specimen image “ImageID”; wing shape fluctuating asymmetry (ProcD; i.e. the difference in shape between the left and right forewings, after differences in scale and rotation have been accounted for); the angle of the left and right forewings and their absolute differential (L_wing_angle, R_wing_angle, Angle.diff, respectively); the project ID (“projID”); bumblebee species identity (“sample_species_ID”; bee “sex”; bee “caste”; “decade” collected; year collected (“sample_collected_curated”); “month” collected; UK Met Office “Climate_region” from which the sample was collected; location from which the sample was collected (“std_location”); “lat” and “long” coordinates derived from geotagging the location, and “accuracy” of geotagging; intertegular distance (“ITD”); climate data derived from UK Met Office historic climate region data, including mean winter temperature (“temp_WIN”, with winter referring to December, January & February in °C); spring mean temperature (“temp_SPR”, with spring encompassing March, April & May; °C); mean summer temperature (“temp_SUM”, with summer referring to June, July & August; °C); mean autumn temperature (“temp_AUT”, September, October & November; °C); annual mean air temperature (“temp_ANN”; °C); winter precipitation (“rain_WIN” in mm); spring precipitation (“rain_SPR” in mm); summer precipitation (“rain_SUM” in mm); autumn  precipitation (“rain_AUT” in mm); and annual precipitation (“rain_ANN” in mm).
File: 20210409_updated_dataset.csv
File with data on wing shape fluctuating asymmetry (FA; measured as Procrustes distance) for five bumblebee species (Bombus hortorum, B. lapidarius, B. pascuorum, B. muscorum and B. sylvarum). These FA values have undergone quality control: specimens have been filtered to include only those with wing shapes and wing-angle differences greater than 0 and 1 × the interquartile range (respectively) above the upper quartile of the distribution. 
Queen bumblebees in this file have been assigned to an “early” or “late” cohort (“QueenType”), with early queens representing those that we estimate emerged the year prior to when they were collected.
The columns in this file are the same as those in “FA_data_with_metadata_3_3.csv” (see above), but there are additional climate data in this file (from UK Met Office historic climate region data): annual (“Raindays1mm_ANN”) and seasonal numbers of days with greater than 1 mm rain (winter = “Raindays1mm_WIN”, spring = “Raindays1mm_SPR” , summer = “Raindays1mm_SUM”, autumn = “Raindays1mm_AUT”); annual (“AnnMaxTemp”) and seasonal mean maximum temperatures in °C (winter = “WinMaxTemp”, spring = “SprMaxTemp”, summer = “SumMaxTemp”, autumn = “AutMaxTemp”); annual (“AnnMeanTemp”) and seasonal mean temperatures in °C (winter = “WinMeanTemp”, spring = “SprMeanTemp”, summer = “SumMeanTemp”, autumn = “AutMeanTemp”); and annual (“AnnMinTemp”) and seasonal mean minimum temperatures in °C (winter = “WinMinTemp”, spring = “SprMinTemp”, summer = “SumMinTemp”, autumn = “AutMinTemp”).
 
File: Subsampled_FA_Data_0_1_v3.csv
File with data on wing shape fluctuating asymmetry (FA; measured as Procrustes distance) for five bumblebee species (Bombus hortorum, B. lapidarius, B. pascuorum, B. muscorum and B. sylvarum). These FA values have undergone quality control: specimens have been filtered to include only those with wing shapes and wing-angle differences greater than 0 and 1 × the interquartile range (respectively) above the upper quartile of the distribution. 
To ensure an even temporal coverage of bumblebee specimens over the 20th century, this has the number of samples restricted to >20 specimens per year between 1900 and 2000. Due to the subsampling, all specimens in this file should have complete data for location collected, date collected, and caste. Additionally, queen bumblebees that might have eclosed the year prior to collection have been excluded.
The columns in this file are the same as in 20210409_updated_dataset.csv and Subsampled_FA_Data_0_1_v3.csv.
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