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Figure S1. Intercept and standardized interannual trend estimates with accompanying 95% confidence
intervals for repeated analyses where the assumptions underlying the priority matching distribution (PMD)
index were relaxed. The “Baseline” run shows the main results shown from Figure 7. The “Binned Sites”
analysis separated sites into bins of 0.1, sampled one site from each bin for each year and calculated
interannual slopes and intercepts, repeating the process 1000 times. The “No MAPT or GRAN” analysis
refitted the PMD trend model excluding the two sites exerting the most leverage (Mary’s Point and
Johnson’s Mills; see Table 2). This did not affect the trend, but increased the intercept (i.e. less aggregation).
The “Area Sorted PMD” run recalculated PMD by sorting by area of habitat rather than the safety index.
Informatively, this eliminated the trend altogether, showing that the shift is toward greater safety rather
than to larger size. The “SLR” simulation explored the result if birds were only responding to reductions in
habitat. The “Dates” reanalyses clip the dates for inclusion in the analysis by the described percentiles. The
“Danger” and “Radius” analyses recalculate the danger distance or the buffer around the geographic site
location by the distance noted.
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Figure S2. Simulations of birds across 30 sites using different distribution types. Distributions are
described in text. Red line shows the baseline estimate of the PMD index for each distribution when
site safety is sequentially assigned while the grey dots show the variation in the index when site safety is
randomized. Points are jittered on the horizontal axis to aid in visualization. Above the points are examples
of each distribution type showing sites arranged from dangerous to safe (left to right) and site abundance
increasing vertically.
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CODE AVAILABILITY

Code used in this analysis is available at https://github.com/dhope/pmd-sesa. The packages
used in this analysis are cited below.

REFERENCES

Auguie, B. (2017). gridExtra: Miscellaneous Functions for ”Grid” Graphics. R package version 2.3
Bache, S. M. and Wickham, H. (2014). magrittr: A Forward-Pipe Operator for R. R package version 1.5
Bates, D. and Maechler, M. (2019). Matrix: Sparse and Dense Matrix Classes and Methods. R package

version 1.2-17
Bengtsson, H. (2018a). globals: Identify Global Objects in R Expressions. R package version 0.12.4
Bengtsson, H. (2018b). listenv: Environments Behaving (Almost) as Lists. R package version 0.7.0
Bengtsson, H. (2019). future: Unified Parallel and Distributed Processing in R for Everyone. R package

version 1.14.0
Bivand, R., Keitt, T., and Rowlingson, B. (2019). rgdal: Bindings for the ’Geospatial’ Data Abstraction

Library. R package version 1.4-6
Bivand, R. and Lewin-Koh, N. (2019). maptools: Tools for Handling Spatial Objects. R package version

0.9-5
Bivand, R. and Rundel, C. (2019). rgeos: Interface to Geometry Engine - Open Source (’GEOS’). R

package version 0.5-1
Bryan, J. (2016). cellranger: Translate Spreadsheet Cell Ranges to Rows and Columns. R package version

1.1.0
Bryan, J., Hester, J., Robinson, D., and Wickham, H. (2019). reprex: Prepare Reproducible Example Code

via the Clipboard. R package version 0.3.0
Chang, W. (2019). R6: Encapsulated Classes with Reference Semantics. R package version 2.4.0
code by Richard A. Becker, O. S., version by Ray Brownrigg. Enhancements by Thomas P Minka, A. R.

W. R., and Deckmyn., A. (2018). maps: Draw Geographical Maps. R package version 3.3.0
Couture-Beil, A. (2018). rjson: JSON for R. R package version 0.2.20
Csárdi, G. (2017). crayon: Colored Terminal Output. R package version 1.3.4
Csárdi, G. (2019a). cli: Helpers for Developing Command Line Interfaces. R package version 1.1.0
Csárdi, G. (2019b). pkgconfig: Private Configuration for ’R’ Packages. R package version 2.0.3
Dahl, D. B., Scott, D., Roosen, C., Magnusson, A., and Swinton, J. (2019). xtable: Export Tables to LaTeX

or HTML. R package version 1.8-4
Dowle, M. and Srinivasan, A. (2019). data.table: Extension of ‘data.frame‘. R package version 1.12.2
Eddelbuettel, D., Francois, R., Allaire, J., Ushey, K., Kou, Q., Russell, N., et al. (2019). Rcpp: Seamless R

and C++ Integration. R package version 1.0.3
Gagolewski, M., Tartanus, B., , other contributors; IBM, Unicode, Inc., et al. (2019). stringi: Character

String Processing Facilities. R package version 1.4.3
Gordon, M., Gragg, S., and Konings, P. (2019). htmlTable: Advanced Tables for Markdown/HTML. R

package version 1.13.2
Harrell Jr, F. E., with contributions from Charles Dupont, and many others. (2019). Hmisc: Harrell

Miscellaneous. R package version 4.2-0
Henry, L. (2019). lifecycle: Manage the Life Cycle of your Package Functions. R package version 0.1.0
Henry, L. and Wickham, H. (2018). tidyselect: Select from a Set of Strings. R package version 0.2.5
Henry, L. and Wickham, H. (2019a). purrr: Functional Programming Tools. R package version 0.3.3

4

https://github.com/dhope/pmd-sesa


Supplementary Material: Hope et al. – Sandpipers Shift to Safety

Henry, L. and Wickham, H. (2019b). rlang: Functions for Base Types and Core R and ’Tidyverse’ Features.
R package version 0.4.1

Hester, J. (2019). glue: Interpreted String Literals. R package version 1.3.1
Hester, J., Müller, K., Ushey, K., Wickham, H., and Chang, W. (2018). withr: Run Code ’With’ Temporarily

Modified Global State. R package version 2.1.2
Hester, J. and Wickham, H. (2019). fs: Cross-Platform File System Operations Based on ’libuv’. R package

version 1.3.1
Hijmans, R. J. (2019). raster: Geographic Data Analysis and Modeling. R package version 3.0-7
Ihaka, R., Murrell, P., Hornik, K., Fisher, J. C., Stauffer, R., Wilke, C. O., et al. (2019). colorspace: A

Toolbox for Manipulating and Assessing Colors and Palettes. R package version 1.4-1
Kahle, D., Wickham, H., and Jackson, S. (2019). ggmap: Spatial Visualization with ggplot2. R package

version 3.0.0
Kuhn, M., Chow, F., and Wickham, H. (2019). rsample: General Resampling Infrastructure. R package

version 0.0.5
Kuhn, M., Wickham, H., and Vaughan, D. (2018). generics: Common S3 Generics not Provided by Base R

Methods Related to Model Fitting. R package version 0.0.2
Lang, M. (2019). checkmate: Fast and Versatile Argument Checks. R package version 1.9.4
Lang, M. and R Core Team (2019). backports: Reimplementations of Functions Introduced Since R-3.0.0.

R package version 1.1.5
Loecher, M. (2019). RgoogleMaps: Overlays on Static Maps. R package version 1.4.4
Maechler, M., Rousseeuw, P., Struyf, A., and Hubert, M. (2019). cluster: ”Finding Groups in Data”:

Cluster Analysis Extended Rousseeuw et al. R package version 2.1.0
Müller, K. (2019). hms: Pretty Time of Day. R package version 0.5.1
Müller, K. and Wickham, H. (2019a). pillar: Coloured Formatting for Columns. R package version 1.4.2
Müller, K. and Wickham, H. (2019b). tibble: Simple Data Frames. R package version 2.1.3
Neuwirth, E. (2014). RColorBrewer: ColorBrewer Palettes. R package version 1.1-2
Ooms, J., Temple Lang, D., and Hilaiel, L. (2018). jsonlite: A Robust, High Performance JSON Parser and

Generator for R. R package version 1.6
original by Steve Dutky initial R port, S., extensions by Martin Maechler; revised, and modified by

Steve Dutky (2013). bitops: Bitwise Operations. R package version 1.0-6
Pebesma, E. and Bivand, R. (2018). sp: Classes and Methods for Spatial Data. R package version 1.3-1
Pinheiro, J., Bates, D., and R-core (2019). nlme: Linear and Nonlinear Mixed Effects Models. R package

version 3.1-141
R Core Team (2019a). foreign: Read Data Stored by ’Minitab’, ’S’, ’SAS’, ’SPSS’, ’Stata’, ’Systat’, ’Weka’,

’dBase’, ... R package version 0.8-72
R Core Team (2019b). R: A Language and Environment for Statistical Computing. R Foundation for

Statistical Computing, Vienna, Austria
R Special Interest Group on Databases (R-SIG-DB), Wickham, H., and Müller, K. (2018). DBI: R Database

Interface. R package version 1.0.0
Ripley, B. (2016). nnet: Feed-Forward Neural Networks and Multinomial Log-Linear Models. R package

version 7.3-12
Robinson, D. and Hayes, A. (2019). broom: Convert Statistical Analysis Objects into Tidy Tibbles. R

package version 0.5.2
RStudio and Inc. (2017). htmltools: Tools for HTML. R package version 0.3.6
Sarkar, D. (2018). lattice: Trellis Graphics for R. R package version 0.20-38

Supplementary material – doi: 10.3389/fevo.2020.00003 5



Supplementary Material: Hope et al. – Sandpipers Shift to Safety

Sarkar, D. and Andrews, F. (2016). latticeExtra: Extra Graphical Utilities Based on Lattice. R package
version 0.6-28

Spector, P., Friedman, J., Tibshirani, R., Lumley, T., Garbett, S., and Baron, J. (2016). acepack: ACE and
AVAS for Selecting Multiple Regression Transformations. R package version 1.4.1

Spinu, V., Grolemund, G., and Wickham, H. (2018). lubridate: Make Dealing with Dates a Little Easier.
R package version 1.7.4

Teetor, N. (2018). zeallot: Multiple, Unpacking, and Destructuring Assignment. R package version 0.1.0
Therneau, T. and Atkinson, B. (2019). rpart: Recursive Partitioning and Regression Trees. R package

version 4.1-15
Therneau, T. M. (2019). survival: Survival Analysis. R package version 2.44-1.1
Tierney, L. (2018). codetools: Code Analysis Tools for R. R package version 0.2-16
Urbanek, S. (2013). png: Read and write PNG images. R package version 0.1-7
Urbanek, S. (2014). jpeg: Read and write JPEG images. R package version 0.1-8
Urbanek, S. (2015). base64enc: Tools for base64 encoding. R package version 0.1-3
Ushey, K., Allaire, J., Wickham, H., and Ritchie, G. (2019). rstudioapi: Safely Access the RStudio API. R

package version 0.10
Vaidyanathan, R., Xie, Y., Allaire, J., Cheng, J., and Russell, K. (2018). htmlwidgets: HTML Widgets for R.

R package version 1.3
Vaughan, D. and Dancho, M. (2018). furrr: Apply Mapping Functions in Parallel using Futures. R package

version 0.1.0
Wickham, C. (2018a). munsell: Utilities for Using Munsell Colours. R package version 0.5.0
Wickham, H. (2016). plyr: Tools for Splitting, Applying and Combining Data. R package version 1.8.4
Wickham, H. (2018b). scales: Scale Functions for Visualization. R package version 1.0.0
Wickham, H. (2019a). assertthat: Easy Pre and Post Assertions. R package version 0.2.1
Wickham, H. (2019b). ellipsis: Tools for Working with ... R package version 0.3.0
Wickham, H. (2019c). forcats: Tools for Working with Categorical Variables (Factors). R package version

0.4.0
Wickham, H. (2019d). httr: Tools for Working with URLs and HTTP. R package version 1.4.1
Wickham, H. (2019e). lazyeval: Lazy (Non-Standard) Evaluation. R package version 0.2.2
Wickham, H. (2019f). modelr: Modelling Functions that Work with the Pipe. R package version 0.1.5
Wickham, H. (2019g). rvest: Easily Harvest (Scrape) Web Pages. R package version 0.3.5
Wickham, H. (2019h). stringr: Simple, Consistent Wrappers for Common String Operations. R package

version 1.4.0
Wickham, H. (2019i). tidyverse: Easily Install and Load the ’Tidyverse’. Http://tidyverse.tidyverse.org,

https://github.com/tidyverse/tidyverse
Wickham, H. and Bryan, J. (2019). readxl: Read Excel Files. R package version 1.3.1
Wickham, H., Chang, W., Henry, L., Pedersen, T. L., Takahashi, K., Wilke, C., et al. (2019a). ggplot2:

Create Elegant Data Visualisations Using the Grammar of Graphics. R package version 3.2.1
Wickham, H., François, R., Henry, L., and Müller, K. (2019b). dplyr: A Grammar of Data Manipulation.

R package version 0.8.3
Wickham, H. and Henry, L. (2019). tidyr: Tidy Messy Data. R package version 1.0.0
Wickham, H., Henry, L., and Vaughan, D. (2019c). vctrs: Vector Helpers. R package version 0.2.0.9007
Wickham, H., Hester, J., and Francois, R. (2018). readr: Read Rectangular Text Data. R package version

1.3.1
Wickham, H., Hester, J., and Ooms, J. (2019d). xml2: Parse XML. R package version 1.2.2

6



Supplementary Material: Hope et al. – Sandpipers Shift to Safety

Wickham, H. and Miller, E. (2019). haven: Import and Export ’SPSS’, ’Stata’ and ’SAS’ Files. R package
version 2.1.1

Wickham, H. and Pedersen, T. L. (2019). gtable: Arrange ’Grobs’ in Tables. R package version 0.3.0
Wickham, H. and Ruiz, E. (2019). dbplyr: A ’dplyr’ Back End for Databases. R package version 1.4.2
Wickham, H. and Xie, Y. (2019). evaluate: Parsing and Evaluation Tools that Provide More Details than

the Default. R package version 0.14
Wilke, C. O. (2019). cowplot: Streamlined Plot Theme and Plot Annotations for ’ggplot2’. R package

version 1.0.0
with contributions by Antoine Lucas, D. E., Tuszynski, J., Bengtsson, H., Urbanek, S., Frasca, M., Lewis,

B., et al. (2019). digest: Create Compact Hash Digests of R Objects. R package version 0.6.22
Xie, Y. (2019a). knitr: A General-Purpose Package for Dynamic Report Generation in R. R package

version 1.25
Xie, Y. (2019b). xfun: Miscellaneous Functions by ’Yihui Xie’. R package version 0.10
Zeileis, A. and Croissant, Y. (2018). Formula: Extended Model Formulas. R package version 1.2-3

Supplementary material – doi: 10.3389/fevo.2020.00003 7


