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Abstract
1.	 There is a research reproducibility crisis, including in ecology. The research pipe-

line from conception to publication has many cracks, which means that it may not 
be possible to repeat and verify published results.

2.	 Reproducibility means that the results of a study can be reproduced from the 
original data. It is a critical step in the quality assurance of a study; indeed, the re-
use and subsequent citation of methods from reproducible research can increase 
the impact of the work beyond the findings of the specific study.

3.	 Given the original data, code and documentation, in theory, all research results 
could be reproduced. However, sufficient information must be available to un-
derstand and reproduce the data handling, analysis and modelling. Information 
should also be accessible, enabling reproduction with reasonable effort.

4.	 Various open-source software options exist that allow scientists to easily anno-
tate their scripts in a way that makes it simple to produce dynamic documents 
that give a more accessible account of the analysis (html, pdf and various word 
processor file types). Popular software options—including Jupyter notebooks, the 
R markdown package and the new multi-language Quarto application—produce 
documents that weave together the input code and software-generated output 
(text, tables, and figures) with the author's explanatory text to produce a clear 
narrative of the analysis process.

5.	 Therefore, we now encourage the submission of supplementary dynamic docu-
ments to the Journal of Ecology to improve the reproducibility and transparency 
of research published in the journal. Reproducibility can be assessed prior to the 
submission of the work for publication, during peer review and post-publication. 
Authors are encouraged to provide three file types: the data, an executable dy-
namic document and a static reproducibility PDF file that integrates and annotates 
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1  |  THE REPRODUCIBILIT Y CRISIS

Scientific studies should be reproducible, and reliable results are, 
by definition, replicable. Unfortunately, over the last couple of 
decades, researchers in several disciplines have discovered that a 
worrying amount of our past and current research is neither repro-
ducible nor replicable, prompting some to declare a ‘reproducibility 
crisis’ (Ioannidis, 2005). Strictly, reproducibility is the capacity to 
reproduce the results of a study given the original data, code and 
documentation—put simply, the research was done in a way that 
was transparent. Replicability on the other hand is the capacity to 
repeat a study—collecting new data using the same methods—and 
(generally) come to the same conclusions (Essawy et  al.,  2020). 
However, the definitions are not rigorously applied, and the two 
terms are sometimes used to cover aspects of both concepts. 
The causes of the reproducibility crisis are complex and occur at 
many points of the research process from study design, through 
data collection and cleaning, to exploratory analysis and choice 
of inference method (Alston & Rick,  2021; Leek & Peng,  2015). 
Ecology and environmental modelling are certainly not immune to 
this crisis (Alston & Rick,  2021; Archmiller et  al.,  2020; Essawy 
et al., 2020). Recently, Gould et al. (2023) showed that even when 
given the same ecological data sets, scientists come to different 
conclusions due to variation in the method of analysis. This em-
phasises the need for data analysis decisions to be clear and trans-
parent to other researchers trying to reproduce the work. Beyond 
knowing exactly what a researcher has done to prepare their data 
for analysis, there is also the challenge of knowing whether the 
statistical analyses themselves are suitable and correct for the 
conclusions drawn.

There are many reproducibility cracks in the research pipeline, 
from conception to publication and beyond. Fixing such a diverse 
range of problems will not be easy. However, the development of 
robust procedures for documenting the research process will help, 
and academic journals have a key role to play here. Reproducibility is 
a critical step in quality assurance of a study. It can be assessed prior 
to the submission of the work for publication, during peer review 
and post-publication.

2  |  BENEFITS OF REPRODUCIBLE 
RESE ARCH

Reproducible research methods have widespread benefits, in-
cluding to individual researchers, the research community, peer 

reviewers and publishers. The rigour of recording analyses using 
dynamic documents usually brings benefits for the data analyst 
as well as their collaborators, co-authors and readers. Re-use and 
subsequent citation of methods may increase the impact of the 
work beyond the findings of the specific study. Reproducibility 
also has potential to improve the peer-review process. Currently, 
editors and reviewers often must trust that the authors' performed 
analyses are correct and suitable based on the limited information 
given in most manuscripts and Supporting Information. The alter-
native is for a reviewer to ask the journal to request the data and 
code and repeat the analysis themselves. However, notwithstand-
ing the obvious additional time spent to do this, reviewers unfa-
miliar with the language used to script the data handling (checking, 
correcting, rearranging and summarising data) and analysis have 
limited capacity to reproduce the results or even assess the repro-
ducibility of the analyses given the information provided by the 
authors. Asking reviewers to reproduce results is therefore not a 
workable solution.

A major advantage of reproducible research is that it can inform 
your own future research. As we increasingly re-use data in different 
ways, and in combination with other data types, knowing the data 
analysis pipeline of a previous project can speed up future projects. 
For example, decisions taken to exclude data from the original raw 
data file in the derived data product can easily be reversed to extend 
analyses beyond the original use. Collaborative data collection ef-
forts are increasingly common in ecology and can present significant 
data processing challenges as data are provided by participants in 
different formats and with variations on the stated protocol. The se-
ries of decisions taken to go from raw data to derived data product 
should be transparent to enable reversal or alternative data cleaning 
decisions to be implemented. Variation in results between analyses 
using the same original raw data is entirely possible due to different 
decisions at the data handling stage.

3  |  FUNDAMENTAL PRINCIPLES OF 
ACCESSIBLE REPRODUCIBILIT Y

There are two key steps to assessing the reproducibility of a piece 
of research:

1.	 Reproducibility: is sufficient information available to understand 
and reproduce the data handling, analysis and modelling?

2.	 Accessibility of reproducibility: can the analysis be reproduced 
with reasonable effort?

the input code with the statistical output. We provide some basic examples of dy-
namic documents for reproducibility.

K E Y W O R D S
code, data, ecology, methods, modelling, replication, statistics, verification
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The first step can be achieved by providing data and code with 
a description of the processes followed, but this may not be partic-
ularly accessible. Accessibility increases as the data, code, outputs 
and explanation of the analysis are better integrated, leading in turn 
to an increased ability to reproduce results. The more detail given 
here, the easier it is to reproduce the results whilst understanding 
the data handling decisions made.

While provision of the data and a description of the data han-
dling and analysis in the methods section of paper may be sufficient 
for reproducing relatively straightforward, commonplace analyses, 
the reproducibility of more complex data handling and analyses can 
be very difficult to assess at the peer review and post-publication 
stages. To facilitate easier assessment of reproducibility that can be 
used in the pre- and post-publication phases of a study, we recom-
mend one recent advance in reproducible research: the ability to 
combine text and code to produce dynamic documents that record, 
demonstrate and enable reproduction of the process of data clean-
ing and analysis.

4  |  DYNAMIC DOCUMENTS FOR 
REPRODUCIBLE RESE ARCH

The basic format in which we publish our professional research is 
gratifyingly similar to the way in which we learn to write up our 
experiments in school, from the introduction that states the back-
ground, questions and hypotheses, through the materials and meth-
ods, to the results and conclusions. However, the final write-up is 
only as good as the data and analysis on which it is based. While 
spreadsheets are popular in the business world it is generally recom-
mended that they are not used in the scientific process beyond data 
entry (with the data stored in a simple, widely used, non-proprietary 
file type such as a .csv or .txt file with an archived back up). In particu-
lar, data handling (or ‘wrangling’: checking, correcting, re-arranging 
and summarising data) has often been done using a spreadsheet with 
no audit trail. But to be reproducible it should be done using a script, 
annotated with explanatory comments. Even potential errors should 
be left in the raw data and corrected as part of the scripted han-
dling process. In practice, data handling and analysis are often poorly 
documented: from the rationale, through exploratory stages, to the 
formal testing and inference. A fundamental concept is that analyses 
should be scripted—that is conducted using a computer programme 
(script)—rather than an unrecorded (and therefore unrepeatable) se-
ries of mouse clicks using menu-driven software.

While scripts are an essential part of reproducible research 
analysis, their mixture of computer code and brief explanatory com-
ments means they are not the most accessible documents. Various 
open-source software options now exist to allow scientists to 
easily annotate their scripts in a way that makes it simple to pro-
duce a document that gives a fully readable account of the analy-
sis. Popular examples of such software include Jupyter Notebooks, 
the R Markdown package and the new multi-language Quarto ap-
plication. This software produces documents that weave together 

the input code and the software-generated output (text, tables 
and figures) together with the author's explanatory text to produce 
an understandable narrative of the analysis process from start to 
finish (Figure 1). These documents are dynamic—if the code is ed-
ited or data altered, then the changes are implemented in the next 
version of the output document. Options even exist for recording 
the versions of the software used, and for version control (tracking 
changes as the dynamic document changes over time)—for example, 
using GitHub. The resulting document can then be downloaded as 
an html, PDF or other word processing file type to be shared. A good 
dynamic document walks the editors, reviewers and readers through 
the whole analysis process. This addresses both the issue of the lack 
of clarity of the analysis and allows for any errors in data process-
ing or poor statistical analysis to be spotted by editors or reviewers 
during the peer review process.

5  |  REPRODUCIBLE RESE ARCH 
PUBLISHING

Making research more reproducible is no simple task because the 
causes of the current reproducibility crisis are complex and varied. 
However, the recent advances for documenting analysis workflows 
will help improve the situation. Science, including ecology, should be 
moving towards being able to repeat all analyses. Journals can help 
encourage these initiatives through facilitating use of reproducibility 
tools and the development and enforcement of appropriate submis-
sion requirements. The British Ecological Society has published two 
free Guides to Better Science on the subject of Reproducible Code 
(Cooper & Hsing,  2017) and Data Management (British Ecological 
Society, 2018) which we recommend for full, worked through exam-
ples and further advice. While this could be seen as an increase in 
the administrative burden of submitting a paper, we encourage re-
searchers to embrace the practice of creating dynamic documents as 
a critical and routine step in our process. The move to the use of dy-
namic documents brings notable improvements for little additional 
effort, and the satisfaction of knowing that we are improving the 
reproducibility of our research as well as that of others, ultimately 
improving science. Their use also eliminates many reviewer ques-
tions, and the work involved in responding to them.

6  |  REPRODUCIBLE RESE ARCH 
DOCUMENTS FOR JOURNAL OF ECOLOGY

Journal of Ecology now therefore encourages the submission of sup-
plementary dynamic documents to improve the reproducibility and 
transparency of research published in the journal.

Journal of Ecology already mandates the archiving of data and 
encourages the archiving of code used for data handling and anal-
ysis. Here we go further and encourage the provision of dynamic 
documentation for all stages of the data and analysis pipeline as part 
of the Supporting Information submitted with the main manuscript 
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(these could be produced using Jupyter Notebooks, R Markdown, 
Quarto or other similar options).

In terms of the journal editorial process, there are two options. 
At submission, as part of the Supporting Information, we encourage 
the provision of a reproducible research document in PDF form (in 
the software terminology the rendered or knitted document form) 
preferably with the executable dynamic document (e.g. the Quarto  .
qmd document or R markdown .rmd files). The static (pdf) and/or 
dynamic (executable) reproducibility documents will be available to 
editors and reviewers during peer review, and reviewers can tick a 
box to tell us when they have used them, so we can assess their util-
isation. It is worth noting that any scrollable elements may be made 
static in the PDF format, so code should be arranged to avoid any 
crucial information being missed in this conversion.

After acceptance, we encourage authors to archive the execut-
able dynamic document online, together with the data (in an ap-
proved permanent repository like Dryad, Zenodo etc.). The static 
reproducibility document can be published with the paper to aid 
readers and enable post-publication reproducibility. We provide 
some examples (from our own work) as Supporting Information to 
this editorial. These are not intended as ideal models but provide 
a range of past attempts to give a sense of the types of documents 
that can aid reviewers and readers and contribute to the further de-
velopment of reproducible research methods.

Our Senior Editor, Andy Hector, has put together some training 
videos on how to use these tools, including a worked example. You 
can find these videos and example datasets here. In the supplemen-
tary information for this Editorial, you can find this information as 
dynamic documents.

In summary, authors submitting to Journal of Ecology are encour-
aged to provide readers of the published paper with access to three 
file types: (i) the data; (ii) the executable dynamic document which 
includes the code; and (iii) a static reproducibility PDF file that in-
tegrates and annotates the input code with the statistical output. 
These documents will help to fix the cracks causing the reproducibil-
ity crisis in ecology, whilst also strengthening the quality of authors' 
work that is published in Journal of Ecology.
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F I G U R E  1  A simplified linear workflow for production of a paper and associated dynamic document. Yellow boxes indicate elements of 
the workflow which may not require associated data handing/analysis and scripts. Blue boxes indicate elements that could be contained in 
a dynamic document such as Quarto. The first “Design experiment/model/data collection” step may use scripts for randomisation, to use 
power analysis to calculate replication etc. or it may be narrative. The dynamic document is submitted for review and published together 
with the paper and provides a resource for re-use, modification and reproduction of elements of the paper.
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