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Abstract
Background

Large research consortia can generate tremendous amounts of
biological information, including high-resolution soil, vegetation, and
climate data. While this knowledge stock holds invaluable potential for
answering evolutionary and ecological questions, making these data
exploitable for modelling remains a daunting task due to the many
processing steps required for synthesis. This might result in many
researchers to fall back to a handful of ready-to-use data sets,
potentially at the expense of statistical power and scientific rigour. In
a push for a more stringent approach, we introduce BEpipeR, an R
pipeline that allows for the streamlined synthesis of plot-based
Biodiversity Exploratories data.

Methods

BEpipeR was designed with flexibility and ease of use in mind. For
instance, users simply choose between aggregating forest or
grassland data, or a combination thereof, effectively allowing them to
process any experimental plot data of this research consortium.
Additionally, instead of coding, they parse most processing
information in a user-friendly way through parameter sheets.
Processing includes, among others, the creation of a spatially explicit
plot-ID template, data wrangling, quality control, plot-wise
aggregations, the calculation of derived metrics, data joining to a
large composite data set, and metadata compilation.
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Results

With BEpipeR, we provide a feature-rich pipeline that allows users to
process Biodiversity Exploratories data in a flexible and reproducible
way. This pipeline might serve as a starting point for aggregating the
numerous data sets of this and potentially similar research consortia.
In this way, it might be a primer for the construction of consortia-wide
composite data sets that take full advantage of the consortia’s rich
information stocks, ultimately boosting the visibility and participation
of individual research projects.

Conclusions

The BEpipeR pipeline permits the user-friendly processing and plot-
wise aggregation of Biodiversity Exploratories data. With
modifications, this framework may be easily adopted by other
research consortia.
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Introduction

Large-scale long-term environmental research frameworks such as LTER (Hobbie et al. 2003), TEAM (Rovero and
Ahumada 2017), ForestGEO (Anderson-Teixeira et al. 2015, Davies et al. 2021), and the Biodiversity Exploratories
(Fischer et al. 2010a, 2010b) are at the forefront of functional biodiversity research. These frameworks are fuelled by
well-orchestrated infrastructure projects, unmatched standing scientific expertise, and high-resolution time-series data.
This combination of factors allows them to answer some of the most intricate and pressing ecological questions of our
time with high statistical power. For instance, they shed light on how land-use shapes biodiversity and ecosystem
processes (Allan et al. 2015, Felipe-Lucia et al. 2020, Le Provost et al. 2023), how this gives rise to profound changes in
community composition and network interactions (Weiner et al. 2014, Valyi et al. 2015, Bliithgen et al. 2016, Chavarria
etal. 2021), and the importance of temporal and spatial heterogeneity in shaping these patterns (Kloss et al. 2011, Allan
et al. 2014, Seibold et al. 2019, van Breugel et al. 2019).

Due to their size and the presence of dedicated infrastructure projects, these frameworks continue to benefit from an ever-
increasing stock of biological data. For instance, as of 19/03/2024, the Biodiversity Exploratories Information System
(BEXIS, Chamanara et al. 2021) featured more than 1500 data sets for their experimental forest and grassland plots (EPs).
Arguably, while this wealth of information holds great promise for answering even highly intricate research questions,
considerable effort is needed to combine these data in a way that allows for their straightforward use. While for a limited
number of data sets and at the expense of reproducibility, such processing might be performed in spreadsheet editors such
as LibreOffice Calc or Microsoft Excel, this approach becomes increasingly infeasible when more data are incorporated,
ultimately asking for a more efficient way of processing. While this often means using programming languages such as R,
Python, and Julia, not all ecologists might be used to these languages and learning one can be perceived as daunting
(Baker 2017, Custer et al. 2021).

Unsurprisingly, to circumvent these challenges, many research projects within these consortia might rely on a handful of
data sets that allow for a straightforward and less time-consuming incorporation into their workflows. By doing so, they
might leave out potential data that would have been instrumental in answering their complex scientific questions,
ultimately causing a loss in statistical power. Instead, a more compelling approach would be a tool that allows for a user-
friendly processing of data sets, rendering the decision between progressing fast or incorporating many data obsolete.
To this end, we introduce BEpipeR, an R pipeline that allows for the synthesis of EP-level (a)biotic Biodiversity
Exploratories data. To maximise its usability and ease of implementation, we purposely limited the amount of coding
required. For instance, we allow users to parse most aggregation information through csv files and toggle easily between
three aggregation modes (forest, grassland, or combined) that allow for the straightforward processing of data provided
by this research framework.

Regardless of the mode selected, BEpipeR performs the following processing: creation of a spatially explicit plot-ID
template, data substitution through exact and pattern-based approaches, subsettings, resolving species aggregates issues
through fallbacks, data reshaping, variables standardization, mean and median-based outlier detection, data aggregation
both within and across data sets, processing and aggregation of climate data generated and extensively pre-processed by
TubeDB (Wollauer et al. 2021); in the following referred to as “BEXIS’ climate tool”, normalization by repeated
rarefaction, calculating alpha diversity indices, data joining to template, quality control, variables selection by variance
inflation factor analyses, and the compilation of metadata from JSON metadata files. Arguably, BEpipeR has the potential
to generate large composite data sets in a highly reproducible fashion (Baker 2016). As this might aid the democratization
and utilization of available research data, we hope for this pipeline to become a focal point for compiling the vast amount
of environmental information generated by the Biodiversity Exploratories and, potentially, similar research consortia.

Methods

Implementation

BEpipeR is writtenin R v.4.1.1 (R Core Team 2021) and harnesses renv v.1.0.3 (Ushey and Wickham 2023) to establish
an R project-based reproducible environment. This means that in setting-up the pipeline, all packages that were used to
create the pipeline in the first place are automatically installed to a per-project library. These packages include here
v.1.0.1 (Miiller 2020) for a streamlined file and directory referencing, terra v.1.7-18 (Hijmans et al. 2022) for spatial
processing, data.table v.1.14.8 (Barrett et al. 2023), plyr v.1.8.8 (Wickham 2011), Hmisc v.5.1-1 (Harrell 2023),
tidyverse v.2.0.0 (Wickham et al. 2019), and doSNOW v.1.0.20 (Microsoft Corporation and Weston 2022) for general
processing, respectively, rtk v.0.2.6.1 (Saary et al. 2017) for rarefaction, vegan v.2.6-4 (Dixon 2003) for calculating
diversity indices, usdm v.2.1-6 (Naimi et al. 2014) for variables selection, and jsonlite v.1.8.4 (Ooms 2014) for metadata
extraction.
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For set-up, we assume the use of RStudio integrated development environment (IDE) (Racine 2012) and a connection to
the internet. First, upon downloading the desired release from GitHub, the user unzips the compressed pipeline file.
Second, the user obtains information on the R version required for running the pipeline by inspecting the top lines of the
renv.]ock file, placed at the root of BEpipeR’s directory structure. If the required version is not available on their system,
they obtain it from the Comprehensive R Archive Network and install it. Additionally, on Windows, they ensure that a
compatible version of RTools is installed. Third, the user sets the required R version as the default version in RStudio and
exits the IDE. Last, BEpipeR’s reproducible environment can be unfolded by opening the BEpipeR.Rproj file using
RStudio, upon which the renv package is bootstrapped and all required packages can be installed to the per-project library
by typing ‘renv::restore()’ and confirming the prompted dialog with ‘y’. Subsequently, users may want to increase the
number of lines retained in RStudio’s console to ensure that all messages generated in running the pipeline are available
for post-run inspection. Noteworthy, for visualizing plot locations, the border of Germany must be obtained manually
from GADM and stored for its use by the pipeline as ‘Germany_borders.gpkg’ in the pipeline’s ‘Helpers’ directory. For
up-to-date set-up instructions, users are referred to the pipeline’s GitHub presence.
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Figure 1. Overview of the BEpipeR pipeline. Included are the parameter files used in its operation (left-hand side),
its major processing steps (centre), and their sub-steps (right-hand side; italic: optional). Deploying the reproducible
environment in setting-up the pipeline is only performed once, and hence greyed out.
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Operation
Parsing information

With few exceptions (see below), BEpipeR’s flow of operations (Figure 1) is controlled through three csv files
(paramMAIN, paramDW, and paramSUB) that are used to parse processing information in a user-friendly fashion. Of
these three, paramMAIN is the most instrumental and holds the majority of the aggregation information, whereas
paramDW and paramSUB are helper files that coordinate the data wrangling (DW) and subsetting (SUB) steps,
respectively. As the Excel versions of these files support users in providing processing information through conditional
formatting and functions, we suggest that users provide processing information to these versions first, followed by
exporting them to csv file format. While we purposely minimized user interventions to the pipeline’s code, they could not
be avoided completely. Currently, user actions might be required at five points (Table 1) marked with the comment string
“ACTION POTENTIALLY REQUIRED” in the R script. Users are advised to familiarize themselves with these
interventions before executing the pipeline productively.

To demonstrate BEpipeR’s flow of operations and guide users in interpreting the pipeline’s output, we distribute
BEpipeR in a ‘just-ran’ state. This means that the pipeline comes with both exemplary input data and the results produced
by processing these files (see Use Cases). As indicated (Table 2), exemplary input files must be replaced with real-world
Biodiversity Exploratories data when using the pipeline productively to ensure the correctness of results.

We support users in providing the processing information required with dictionaries to all three param files that can be
found as additional sheets in their respective Excel files. We recommend that users consult this information before
starting to work with the pipeline. For exhaustive information on data processing, users are referred to the R script itself,
which features comments on the reasoning for each step performed as well as further background information throughout.
Additionally, in the following, we provide an in-depth description of the workflow, including details on how to encode
the information required, the processing performed, and the output generated, to guide users in familiarizing themselves

Table 1. Information on running parameters to be parsed directly to BEpipeR. The following parameters cannot
be parsed through BEpipeR's parameter files. Instead, they must be provided directly to the pipeline's source code at
locations marked with the string “ACTION POTENTIALLY REQUIRED".

Variable name Expected input Input Default Function
class value
BEpipeR_mode Either “forest”, “grassland”,  string “combined”  Specifies the mode for
or “combined" for processing input data.

aggregating forest or
grassland data, or a
combination thereof,
respectively.

CLIM_min_years An integer without leading  integer 4 The minimal number of
zeros. years a variable must have
data for to be retained in
the climate data set

(ID: 19007).

DI_reshape_whitelist Quoted data set IDs string empty Prevents the reshaping
without version from long to wide format
information (i.e., base IDs); for the data sets specified.
separated by commas.

FQC_plots_to_remove Quoted EP plot string empty Allows for the exclusion of
designations with leading plots whose inclusion
zeros; separated by would result in the
commas. discarding of many or all

variables in excluding
variables with any NA
(Not Available) values.

VS_protected_variables  Quoted full variable names  string empty Allows for the protection of
as provided in the FQC variables from being
(i.e., quality-controlled) excluded through stepwise
composite data set; variance inflation factor
separated by commas. analysis.
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Table 2. BEpipeR's core directories, their expected/generated main content, and processing-related
information. ‘Provisioning’ describes whether the content is generated automatically or must be provided by the
user. Placeholders are surrounded by square brackets. BEXIS: Biodiversity Exploratories Information System.

Directory (Expected) content and processing information Provisioning

Helpers The main parameter files (paramMAIN), data wrangling (paramDW) and Manual
subsetting (paramSUB) helpers; the data set used for constructing the spatially
explicit plotIDs template (currently data set 20826_7, dummy data provided must
be replaced with real Biodiversity Exploratories data); a GeoPackage file with the
border of Germany for visualizing plot locations (see Implementation section for
more information).

Metadata Metadata files to all data sets flagged as included in paramMAIN. For data not Manual
obtained through BEXIS’ climate tool, this is the corresponding ‘[baselD]
_[version]_datastructure.txt' file. For climate data obtained through BEXIS'
climate tool, this equates to its sensor description csv file renamed to match the
scheme ‘[baselD]_[version]_sensor_description.csv'.

Output Files generated by BEpipeR throughout its execution (see Table 3). This directory ~ Automatic
is expunged at the start of each pipeline run.

Processing  Files copied here from ‘Source’ for processing through BEpipeR. This directoryis  Automatic
expunged at the start of each pipeline run.

R_scripts The R programming language script of the BEpipeR pipeline. Automatic

renv Files required for setting-up and maintaining the pipeline’s reproducible Automatic
environment.

Source All data sets in csv file format to be processed by BEpipeR following their Manual
automatic transfer to the ‘Processing’ directory. Naming scheme: ‘[baselD]
_[version]_data.csv'.

Temp Temporary files written by the rtk R package in performing repeated rarefaction. ~ Automatic
This directory is created by BEpipeR.

with the pipeline. Potential abbreviations provided in parentheses after the names of processing steps refer to the prefixes
of variable names used in the BEpipeR R script.

Data retrieval, exploration, and curation

Dataretrieval from BEXIS database, as well as their exploration and curation are not performed by BEpipeR. Instead, they
are performed best by the user on a dataset-to-dataset basis. This approach acknowledges that the decisions on
incorporation and processing depend on the user’s aims as well as the unique combination of data and metadata. It
further allows users to harness existing workflows for inspecting tabular data. Upon examining both data and metadata,
the user decides whether the data set at hand should be processed by BEpipeR, and if yes, provides all the information
required for its processing to paramMAIN and, if applicable, paramDW and paramSUB (see below). Subsequently, they
copy the respective data set in csv file format (named ‘[baselD]_[version]_data.csv’; square brackets denote place-
holders) to BEpipeR’s ‘Source’, as well as its ‘[baseID]_[version]_datastructure.txt’ file to the ‘Metadata’ directory.

Setting-up

Following the successful deployment of the reproducible environment through renv and before executing the pipeline,
the user decides on one of three possible processing modes: i) forest, for aggregating the Biodiversity Exploratories’
forest data, ii) grassland, for grassland data, or iii) combined, for aggregating both forest and grassland data at the same
time. They then provide the corresponding string to the BEpipeR_mode variable in the pipeline’s source code (Table 1).
Noteworthy, both ‘Processing’ and ‘Output’ directories are expunged immediately after the start of each pipeline run to
avoid potentially outdated files from being mistaken as up-to-date ones. Subsequently, the ‘Processing’ directory is
populated by copying all csv data sets from the ‘Source’ directory to this folder. Please note, as data sets are retrieved by
their base IDs, BEpipeR does not allow multiple data sets with the same base ID to be present in the ‘Processing’
directory. If this issue is detected, the user is informed and asked to solve the issue.
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Data pre-processing

1 Template creation: Combining Biodiversity Exploratories data is complicated by two factors. First, most data
sets are not spatially explicit per se, meaning they do not feature location information that allows for a
straightforward calculation of inter-plot distances. Second, plot information is not provided in a harmonized
fashion. This means that the column holding plot designations might be arbitrarily named (e.g., EP, EpPlotID,
EP_plot_ID, Useful _EP_PlotID, Plot, PlotID, Plot ID, Plot_ID, or plotid_withzero) and located within the data
set. This is further complicated by the presence or absence of leading zeros in plot numbers (e.g., AEW1
vs. AEWO01), and two alternative plot encoding schemes (e.g., AEWO1 in EP is A18422 in grid plot
(GP) encoding). To allow for joining the data regardless of encoding and to maximise its downstream usability,
the plot IDs template constructed by BEpipeR holds EP as well as GP designations with and without leading
zeros, respectively.

To allow users to seamlessly use the data generated by BEpipeR in downstream spatially explicit statistical
frameworks, the pipeline enriches the template with plot location information harmonized to the World
Geodetic System 1984 (WGS84, EPSG: 4326) and informs the user about the spatial imprecision introduced
by reprojecting location data from DHDN (Deutsches Hauptdreiecksnetz) to this unified coordinate reference
system. Subsequently, the csv version of paramMAIN is imported to the R session as ‘datasets_table’ and
filtered for instrumental columns and data sets flagged for inclusion. This table outlines the processing to be
performed on each data set and is updated after each major processing step to reflect the progress of the pipeline.
Template creation is concluded by various quality checks, including warnings if ‘datasets_table’ features data
sets not found in the ‘Processing’ directory, or the system-wide memory available might not be sufficient for
executing the pipeline (see Minimal system requirements).

2 Data wrangling (DW): Removing or replacing factually incorrect values is essential in pre-processing data.
BEpipeR supports users therein by allowing them to replace or remove these values through exact and pattern-
based approaches. To enable this option, the user sets rDW in paramMAIN for the respective data set to ‘yes’.
Subsequently, they provide additional information to paramDW, the helper file for this operation. This
information includes the data set’s base ID (Dataset_ID), whether the replacement is value- (Class = value)
or pattern- (Class = pattern) based, the value to replace (Value_old), and the value to replace with (Value_new).
Noteworthy, the pattern-based approach even allows for the deletion of matching rows by specifying Value_
new as NULL. In contrast, value-based row deletions are best performed by subsetting (see next step).
Generally, modifications are applied in the order of listing (i.e., from top to bottom). This means that multiple
modifications can be applied to the same data set by listing the same base ID in multiple rows of paramDW, each
time with a different modification.

3 Subsetting (SUB): BEpipeR’s data wrangling capabilities are enriched by its subsetting function, which allows
for the filtering of rows using exact matches. To achieve this, upon setting rSUB for the respective data set in
paramMAIN to ‘yes’, users provide the following information to this operation’s helper file, paramSUB: the
data set’s base ID (Dataset_ID), the name of the column to perform the subsetting on (Subset_variable), the
comparison operator to use (Operator), and the entry to retain or remove (Subset_level). As for DW, multiple
modifications that are applied consecutively from top to bottom can be requested for the same data set.

4 Fallbacks (FB): Data sets that establish relationships between taxonomic entities and their abundances often
feature taxonomic levels not resolved to completion. For instance, a tree species data set might feature
aggregated species, such as Quercus spec., alongside species that were fully resolved. To remedy this issue,
BEpipeR allows users to perform fallbacks to more basal (taxonomic) levels. To invoke this operation, users set
rFB in paramMAIN to ‘yes’ in addition to providing the following information: the name of the column to
perform the fallback on (FBcol), the separator used to delineate the different levels of information in FBcol
(FBsep), and FBsub, the index of the substring of interest. BEpipeR uses this information to string-split the
information in FBcol at the separator specified, upon which the substring of interest is retained by its index.
Subsequently, BEpipeR sums abundances per plot at the newly generated factor level, effectively collapsing
abundances at a more basal (taxonomic) level. Abundance scores harmonized in this way may seamlessly be
used in downstream processing steps.

5 Reshaping (RES): Usually, plot data are most easily processed in wide format, with rows denoting plots and

columns representing the respective variables. In this step, BEpipeR allows users to cast data to this format while
coding absent combinations as Not Available (NA). To flag a data set for reshaping, the user sets rRES in
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paramMAIN to ‘yes’, upon which they supply the factors column that will be used in constructing new column
names to RESvar. Please note: i) Factors not used in reshaping are collapsed by calculating plot-wise means.
Hence, the resulting data set features unique plots in the first column, followed by column-wise environmental
data. ii) Due to NA as missing combination value, RES is mutually exclusive with calculating alpha diversity
indices (DI, see below). Hence, if you would like to calculate these indices, keep the data in long format. Do not
reshape climate data obtained through BEXIS’ climate tool to be processed in CLIM (see below) either.

6 Standardization by variable (STD): Abundance scores often rely on sampling effort, with differential effort
potentially giving rise to differential abundance, preventing meaningful plot-based comparisons. While various
data-dependent normalization/standardization approaches exist (e.g., Weiss et al. 2017, Lin and Peddada 2020,
Xia 2023), data sets that feature information on sampling effort are best normalized using this information. To
achieve this, BEpipeR allows all numeric variables of a data set to be normalized by information provided in a
user-specified column of that data set. To do so, users set rSTD for the respective data set to ‘yes’ and provide the
variable’s name to be used for data set-wide standardization (STDvar) to paramMAIN. The result is standard-
ized variables that permit a meaningful and straightforward integration in downstream processing steps.

Quality checks

Multi-mode outlier detection (QC): To support users in their data exploration and to spot potential invalid values, such
as un-disclosed numeric NA values or species aggregates that result in artificially high or low abundance scores, BEpipeR
performs column-wise outlier detection. This is done upon setting QC in paramMAIN to ‘yes’. To avoid false alarms in
non-combined mode (i.e., forest or grassland), plots not conforming to the desired ecosystem are excluded in the detection
procedure. In combined mode, outlier detection is performed separately for each ecosystem. Currently, BEpipeR features
two outlier detection approaches that are based on constructing confidence intervals as multiples of standard deviation
(sd, default: 18) around column means and medians. Noteworthy, lower confidence interval bounds are adjusted
according to their column means/medians. More specifically, for a given column, if the lower confidence interval bound
is negative but the corresponding column mean/median is positive, the respective lower bound is adjusted to zero.
This approach acknowledges that many environmental data might be positive and increases the detection sensitivity of
BEpipeR at the lower end of the data distribution. Flagged data sets, filtered for columns with potential outliers, are
exported to the global R environment for inspection with the naming scheme ‘QC_[baselD]_flagged [MEANI
MEDIAN]_[forestlgrassland]’. If justified, outliers may be removed by the user through DW, SUB, or a combination
thereof. Note that, by default, BEpipeR will not perform QC on climate data obtained through BEXIS’ climate tool (base
ID: 19007), regardless of what users set QC for this data set to. This is because these data have already been extensively
quality-checked; hence, any outliers found are most likely false positives. Future releases of BEpipeR will enhance the
outlined detection approaches by utilizing data structure information exclusively obtained through BEXIS” API.

Data aggregation

1 Dataset-intern aggregation (DIA): The aim of this step is to construct data-set and plot-level-wise aggregation
metrics, regardless of whether data is provided in long or wide format. To accommodate both data structures,
BEpipeR provides two aggregation approaches of which one must be provided to the DIAappr column in
paramMAIN upon setting DIA for the respective data set to ‘yes’. For either aggregation approach and the
grouping variables provided, BEpipeR computes mean, median, sd, and median absolute deviation (mad)
values.

DIAappr =2 allows users to aggregate data in long format. Currently, up to three grouping variables (plot IDs +
two non-plot variables) are supported and might be provided to paramMAIN’s DIAcol1, DIAcol2, and DIAcol3
columns.

DIAappr = 3 permits the plot-wise aggregation of data in wide format, meaning only plot IDs as grouping
variable are currently supported (i.e., both DIAcol2 and DIAcol3 must be kept empty).

2 Group-intern aggregation (GIA): This step allows users to combine multi-measurement (e.g., multi-year)
data split across multiple data sets with the subsequent calculation of summary statistics (mean, median, sd, and
mad), while maintaining up to three grouping variables (plot IDs + two non-plot variables). This processing is
invoked by setting GIA in paramMAIN to ‘yes’, followed by providing grouping variables to the GIAcoll,
GIAcol2, and GIAcol3 columns. Noteworthy, to reduce file sizes, amplicon sequencing data sets might have
been shrunk by i) omitting plot X taxonomic unit combinations with zero abundance, and/or ii) deleting all-zero
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abundance taxonomic units, resulting in deliberately not covering all taxonomic units across all years. The first
issue can be corrected for by enabling abundance correction (GIAabcorr = ‘yes’), which effectively rebuilds the
plot x taxonomic unit matrix with missing combinations coded as zeros. The second issue is resolved by
BEpipeR upon setting taxonomic units correction (GIAtaxcorr) to ‘yes’, which ensures that all taxonomic units
are present across all years (absent units are introduced with all-zero abundance). Critical, in paramMAIN’s
Group column, users must assign a unique number to the data sets to be combined. In addition, for all focal
variables, it is the user’s responsibility to ensure that they are shared between the group’s data sets and that their
order of listing in paramMAIN is identical. Future releases of this pipeline will automatize these steps by falling
back to the group’s shared variables, followed by their re-organization and processing.

3 Climate (CLIM): BEpipeR’s ability to process environmental data is enriched by its ability to process yearly
climate aggregates obtained through BEXIS’ climate tool (Wdllauer et al. 2021). To obtain data processable by
BEpipeR, users choose the following parameters in the web tool’s graphical user interface for generating
their data: Spatial aggregation: separate plots; Aggregation of time: year; options: ‘write all plots in one CSV-
File’, ‘one plot timeseries after another’, ‘write header in CSV-Files’, ‘include column “plotID’”, Calendar
columns: year. Additionally, they request the parameter description file to be included in the zip archive to be
generated. We recommend users to set ‘quality check of measured values’ to ‘3: physical range + step +
empirical check’ to obtain climate data that fulfils the highest quality standards. Users are free to choose whether
they enable the interpolation of missing values. If they opt to do so, we advise that they request the inclusion of
the ‘qualitycounter’ column in their aggregated climate data, which provides information on the total and
interpolated number of data points underlying each of the yearly climate aggregates. The presence of this
column in the climate data is used as indicator for BEpipeR to remove weakly supported data points (percentage
interpolated > 60%), a step that is skipped if this column is not found in the data. If interpolated information is
provided by BEXIS’ climate tool, users are advised to not re-arrange the data column-wise, as this will break
the association between the ‘qualitycounter’ and data columns. However, row-wise operations, such as the
exclusion of undesired years through SUB, are permitted.

To calculate reliable multi-year summary statistics (mean, median, sd, mad, min, and max), BEpipeR allows
users to exclude variables not based on a minimal number of data points (i.e., years). By default, this filter is set to
four but may be adjusted by users interested in retaining variables that satisfy a more stringent filtering approach
(CLIM_min_years, Table 1). These users should keep in mind that, depending on the years they want to obtain
temporal coverage over, the replacement of plot HEW02 with HEWS51 in 2016 might complicate or even negate
the acquisition of long-term time-series climate data. To assist users in this filtering, BEpipeR issues a warning if
their strategy is too stringent and results in retaining only few or no climate variables at all.

Diversity calculations

To go beyond a simple description of abundances, we allow users to calculate alpha diversity indices. To do so, they set DI
for the respective data set in paramMAIN to ‘yes’. First, this triggers the reshaping of the respective data set to wide format
with zero as value for combinations not present. This step may be skipped for data sets already in this format by providing
their base ID to the DI_reshape_whitelist variable (Table 1). Second, users might opt to normalize the data provided
through rarefaction by setting RF in paramMAIN to ‘yes’ and providing the number of repetitions to perform (as multiple
of ten) to RFnrep. We are well aware of the ongoing debate on proper normalization and the alleged shortcomings of
rarefaction (McMurdie and Holmes 2014, Schloss 2024). We acknowledged this by purposely deciding on repeated
rarefaction, as an extension of normal rarefaction, for the following reasons: 1) rarefaction is a highly tractable and easy-
to-grasp concept, ii) data normalized through rarefaction might seamlessly be used in calculating alpha diversity indices
(e.g., Walters and Martiny 2020, Schloss 2024), iii) rarefaction might still be the most frequently used normalization
technique for amplicon data, and implemented in many processing pipelines such as QIIME (Caporaso et al. 2010) and
mothur (Schloss et al. 2009), and iv) rarefaction noticeably decreases the discrepancy between OTU and ASV data
(Walters and Martiny 2020, Chiarello et al. 2022), allowing for a higher degree of comparability regardless of the type of
clustering applied. Most importantly, repeated rarefaction addresses the often-criticised data loss by random subsampling
through performing these subsamplings repeatedly, effectively reducing the impact of single stochastic processes in
normalizing data (Cameron et al. 2021). Noteworthy, before repeated rarefaction, potential decimal values in the
abundance table that resulted from upstream multi-year aggregations are rounded up to the next integer, an approach
that prevents positive values smaller than 0.5 from falsely being set to zero (i.e., absence). Users might gauge the success
of the normalization by inspecting rarefaction curves and/or slopes exported to the ‘Output’ directory (Table 3).
Following repeated rarefaction and the rounding of potentially produced decimal abundance scores to their nearest
integer, BEpipeR computes alpha diversity indices, including species richness, Menhinick (Menhinick 1964), Margalef
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(Margalef 1973), Shannon-Wiener (Shannon and Weaver 1949), Simpson (Simpson 1949), and the inverse Simpson
index. Because most alpha diversity indices are meaningless for empty sampling units, only plots with non-zero richness
are retained for later joining.

Importantly, some data sets may be incorporated into BEpipeR’s workflow as they are (i.e., without the need for DIA,
GIA, CLIM, RF, or DI). This must be signalled to BEpipeR by setting Aslt in paramMAIN to ‘yes’, upon which no
aggregation is performed on these data sets. This functionality allows BEpipeR to incorporate highly sophisticated ready-
to-use data sets in a straightforward fashion.

Post-processing

1 Data joining (MRG): Upon ensuring that all data have been processed fully by inspecting the relevant
datasets_table columns, BEpipeR left-joins all available data to the plot IDs template constructed upstream.
For data sets with leftover grouping variables (apparent by the data set having more rows than the plot IDs
template), BEpipeR attempts to accommodate these by repeated reshaping to wide format until the data set’s
number of rows conforms to the expectation, or no more potential grouping variables are found. In the latter
case, the user is warned. In joining data, BEpipeR appends complete data set IDs to column headers to allow for
a straightforward back-tracing of information to their origin.

2 Quality checks (FQC): The aim of this processing step is two-fold. First, BEpipeR performs several quality
checks to ensure data consistency and the successful execution of upstream processing steps. For instance, it
warns if additional rows were introduced in left-joining, plot designations are found in the values matrix, or if
duplicated column headers or headers without data set ID are found, and it maximises the data’s downstream
usability by replacing potential spaces in column names with underscores. Second, it removes undesired
information from the composite data set constructed in MRG to prepare the data for variables selection (see
below) or direct use. This is achieved by replacing NaN (Not a Number) and Inf (infinite) values with NA and
excluding non-numeric columns. The resulting intermediate composite data set (FQC_env_var_composite_
intermediate.csv, Table 3) might still contain NA cells and mono-value columns. However, it may already be of
interest to users who apply statistical frameworks capable of tolerating such input data. This composite data
set is processed further by excluding mono-value columns and plots not conforming to the BEpipeR mode
specified. Additionally, as some plots might render obtaining a large complete-cases data set difficult by
breaking up otherwise continuous long-term time-series data (e.g., HEW51, established in 2016), we allow
users to exclude these plots (FQC_plots_to_remove, Table 1) before removing any columns with NA values.
The resulting complete-cases composite data set is subsequently exported (FQC_env_var_composite_
complete.csv, Table 3). For users applying statistical frameworks capable of processing multi-colinear data,
this file may already be used as input for their analyses.

3 Variables selection (VS): Understanding the correlation structure underlying explanatory data is pivotal for the
thought- and meaningful interpretation of statistical models. In this processing step, we support users in two
ways: i) through BEpipeR, we provide information on correlations underlying the complete composite data set
produced in FQC, and ii) condense the data to a set of less correlated variables. Insights into the correlation
structure are gained by calculating Pearson correlation coefficients (r) and associated false discovery rate-
corrected (Benjamini and Hochberg 1995) P values between all variable pairs in FQC_env_var_composite_
complete.csv (Table 3). This information is further used to warn users if significant (P < 0.05) pairwise
comparisons with unusually high goodness of fit (r ~ 1) are observed, upon which the user decides whether these
comparisons are justifiable or instead indicative of issues in upstream data processing.

Reducing the data set to a suite of less correlated variables is achieved by variables selection through variance
inflation factor (VIF) analyses. Noteworthy, users might often have justified a priori assumptions about focal
variables, and hence would like to retain these in their data set for easier model interpretation. We acknowledge
this and provide users with the ability to protect their focal variables from removal by supplying their names to
the VS_protected_variables variable in the script (Table 1). To maximise the downstream usability of the data
generated, BEpipeR performs variables selection for a range of VIF thresholds from two to ten, with smaller
values denoting a more stringent exclusion approach. For each VIF threshold, multiple files are exported to the
‘Output’ directory (Table 3).

4 Metadata compilation and export (COMD): To allow for a straightforward data re-usage, the provisioning of
metadata is a cumbersome yet necessary duty to all data scientists. The Biodiversity Exploratories provides
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these metadata in JSON ‘datastructure’ files for normal data sets and in a csv file for data generated through
BEXIS’ climate tool. BEpipeR utilizes this information to generate metadata for variables featured in the
complete composite data set. To do so, BEpipeR strips away data set IDs and aggregation suffixes from headers.
Subsequently, for variable names isolated this way, their metadata (such as variable description and unit
information) are extracted, enriched with information on the processing performed through BEpipeR, and
exported as tabular data to the ‘Output’ directory (Table 3). Note that, as for data sets, metadata files are retrieved
by their base ID, and hence, multiple metadata files with the same base ID are not supported in the ‘Metadata’
directory.

Minimal system requirements

To facilitate the adoption of the pipeline, we designed BEpipeR to be executable even on entry-level consumer hardware.
CPU-wise, BEpipeR should execute fine on machines with > 2 physical cores. RAM-wise, its minimal requirements are
primarily dictated by the size of the input data sets users opt to process, as well as the type of processing requested. For
instance, input files < 100 KB might consume negligible amounts of working memory, while large amplicon sequencing
data sets (> 200 MB) might require significantly more, in particular if they are rarefactioned with an excessively high
number of repetitions. Still, to prevent working memory from becoming a limiting factor on typical consumer-level
hardware, repeated rarefaction is performed in chunks of ten, temporary files might be written to disk (‘“Temp’ directory,
Table 2), and large elements are cleared from the pipeline’s workspace immediately after they have become obsolete.
With respect to processing times, BEpipeR might spend most of its time on the repeated rarefaction of large amplicon data
sets, as well as performing variables selection on large composite data sets (> 150 rows, > 1000 columns). However, since
these steps harness parallel processing, they can be sped up considerably by switching to more capable hardware.

Use cases

To demonstrate BEpipeR’s rich functionalities with minimal effort to the user, we ship the pipeline with exemplary data,
including ten input data sets, corresponding metadata, and filled-out parameter files (Table 2). Both input and metadata
files mimic real Biodiversity Exploratories information, which cannot be included for various reasons. In addition, the
pipeline includes all files produced by processing the provided input data with default settings (Table 1) to allow users to
familiarize themselves with the output produced (Table 3). In the following, we provide a concise summary of the
BEpipeR workflow using the provided input data; for brevity, data sets are referred to by their base ID, and only steps
required for understanding the provided example are listed. i) Plot designations and location information in data set 20826
are used to construct the spatially explicit plot IDs template. ii) Species abundance data in 19848 contain a non-valid
numerical NA value (-88888888), which is replaced with NA in DW. iii) With the entry ‘None’, the abundance data set
19849 contains a non-valid factor level in its plot ID column. This information is excluded through SUB. iv) Species in
data set 18269 could not be completely resolved (Genus3_spec), complicating meaningful comparisons between the
taxonomic entities in this data set. This is solved by collapsing abundance information at the genus level through FB,
followed by reshaping this data to wide format in RES. v) Abundance data in 18526 are not standardized/normalized for
sampling effort. Instead, this information is provided in the ‘nobs’ column of this data set, which is subsequently used to
normalize abundance scores and restore the inter-plot comparability of the data. vi) After all data sets have passed QC, the
two pH measurements per plot provided in 14447 are summarized plot-wise through DIA. vii) Multi-year abundance data
split over the data sets 19848, 19849, and 19850 are summarized at plot and species level through GIA. viii) Multi-year
climate data (19007) obtained through BEXIS’ climate tool is processed by CLIM. Note that, because no ‘qualitycounter’
column is provided, the removal of weakly supported data points is skipped. ix) Amplicon sequencing data in 25067 are
first reshaped to wide format, followed by their repeated rarefaction with 150 repetitions, and the calculation of alpha
diversity indices. Subsequently, all data are left-joined to the plot IDs template (MRG). Noteworthy, because data set
14567 did not require any processing, it is incorporated as is. The resulting composite data set is quality-controlled and
filtered (FQC), and variables selection (VS) is performed. Processing is concluded by the compilation and export of
metadata (COMD) to the variables in the complete composite data set constructed in FQC.

Discussion

With BEpipeR, we provide a feature-rich pipeline for processing and synthesizing Biodiversity Exploratories data. To our
knowledge, this is the first framework of this consortium to do so in a user-friendly and highly reproducible fashion.
We acknowledge that embedding it in the Biodiversity Exploratories with its many projects comes with both challenges
and benefits. We recognise that providing a comprehensive framework for the processing of the consortium’s many data
sets is a daunting task, as many, potentially conflicting, interests need to be satisfied. Hence, for the near-time
development of this pipeline, we see the following three focal points for improvement: i) Streamlining the user experience
by the improved handling of errors, increasing the pipeline’s verbosity, and providing the ability to parse even more
aggregation information through the existing parameter files. ii) The extension of existing features, such as data
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normalization through transformation (e.g., McKnight et al. 2019, Boshuizen and Te Beest 2023). iii) Increasing rigour in
ensuring data integrity by implementing access to BEXIS’ API and, thereby, information obtainable solely through this
channel.

Noteworthy, many re-usability issues BEpipeR corrects for would have been prevented in the first place by adopting more
stringent standard operational procedures that ensure data re-usage with minimal user effort. Briefly, we restrict ourselves
to the issues encountered most often while working on a subset (~ 150 data sets from 2009 onwards) of the Biodiversity
Exploratories’ information stock: i) Non-harmonized plot information: Data re-usage might be drastically improved by
encoding plot information in a unified way. This includes, among others, making the plot ID column the first column of
data sets, using unified column names for this type of information, and enforcing the experimental plot scheme with
leading zeros throughout. ii) Non-harmonized NA and NODATA values: Consortium-wide non-numerical NA and
NODATA values would prevent the (mis)use of numerical values for encoding this information. This issue is exacerbated
by the fact that information on these values can only reliably be obtained through BEXIS” API, a resource most scientists
might not be aware of or familiar with. iii) Non-harmonized encoding of factors: Factors should be encoded as character
strings to facilitate their detection and prevent aggregation over these values. These and other potential improvements
should be accompanied by more stringent quality control and data curation through the Biodiversity Exploratories’ data
management team to prevent mal-formatted, incomplete, or erroneous data sets from being listed as ready-to-use in
BEXIS database. We also highlight the need to revise any data sets that may not adhere to these standards. While most of
these suggestions mean minimal effort for data owners who upload new data sets, and a reasonable yet essential one for
this consortium’s data management team, they might drastically reduce hands-on time for scientists that re-use these data,
and ultimately pave the way to making these data exploitable through large inter-framework databases (Finkel et al.
2020).

In constructing BEpipeR, we aimed to balance its specificity to the Biodiversity Exploratories with general applicability.
This means that while this pipeline was written to solve numerous Biodiversity Exploratories-specific data issues,
it might nevertheless be adapted to the needs of other large research consortia. This might be achieved most easily by,
among others, implementing a step that recodes other consortia’s plot designations to the Biodiversity Exploratories’
experimental plot designation scheme, preventing them from having to adjust most regular expression-based pattern
matching in BEpipeR. These consortia may also benefit from the modularity of BEpipeR, where each major loop is a
well-defined processing step, allowing for straightforward modifications to the workflow. Additionally, parsing-wise,
users may tailor paramMAIN to their needs by deleting or replacing all columns not strictly required for BEpipeR’s
operation (as indicated in the file’s dictionary). Finally, changes to BEpipeR’s source code are aided by a consistent and
traceable naming scheme for variables, as well as detailed comments on the code and the underlying reasoning.

To conclude, even though this project might be facing substantial challenges, it is the Exploratories’ large base of
researchers and scientific staff that has the potential to render this endeavour a success. People interested can contribute
both conceptually, by providing suggestions for future implementations, and preferably, by coding. In the best case, their
participation is fuelled by having understood the nature of this framework, that is, its capability to boost each project’s
data visibility and impact by providing it in a composite data set for the most straightforward re-use possible. As we will
demonstrate elsewhere, BEpipeR can be used to generate expansive composite data sets with the potential to further
insights into complex evolutionary and ecological matters.

Ethics and consent
Ethical approval and consent were not required.

Data availability
Example data used in this publication are available as part of BEpipeR on GitHub and Zenodo (Gliick et al. 2024).

Data are available under the terms of the Creative Commons Attribution 4.0 International license (CC-BY 4.0).

Software availability
Software and source code available from: https:/github.com/marcelglueck/BEpipeR

Archived source code at time of publication: https://doi.org/10.5281/zenodo.13838117 (Gliick et al. 2024)

License: LGPL-3.0
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I was asked to review the BEPipeR manuscript, as a great tool for the Biodiversity Exploratories.
While clearly a huge amount of work was put into designing and creating the pipeline, I do have
strong reserves regarding its ease of use and clarity as a tool.

One first question I had while reading the manuscript was to know what BEPipeR were. From
reading the manuscript, this wasn't clear from the beginning. I would have expected BEPipeR to
be an R package or a shiny application, as it aimed to simplify data access and analysis for the
user. I understood, after finishing the introduction that it was indeed an R pipeline, but I was
wondering what the added benefit was compared to an R package or a shiny app? It seems to me
that a pipeline is more brittle to change than a well defined R package. It's also harder to
distribute as it doesn't uses the main mechanism to spread analyses through R which are R
packages. It also doesn't leverage the "Research Compendium" suggested by Marwick et al. (2018)
and others at the same time (see https://github.com/benmarwick/rrtools). That infrastructure tries
to provide the best of both world between R packages and pipelines. Research compendia can be
spread through https://docs.r-universe.dev/ for easy install and leveraging the default installation
mechanism of R. I think the author should also be clear why choosing not to create an R package
was better to help user and instead creating a full pipeline with many specificities.

One main question I think the authors should take some time to answer is to identify their target
audience. Who are they addressing to? Are the users going to be people comfortable editing an R
script? Would they rather edit a clear configuration file? How about people who want to tweak
their own pipeline? I think this work should be preliminary to building such a complex tool, as
BEPipeR is targeting several user types without clearly facilitating their work: you both have to edit
the R script for specific values and get your own configuration files. One good way of identifying
the target audience, is to run tests runs of the software with potential users to gather feedback
about what was clear and what wasn't. This is invaluable when building a tool, to make sure what
you're creating is (1) going to serve the users' needs; (2) be used; (3) easy to use.
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Whether it was within the manuscript or the GitHub repository, I found difficult to get a quick
overview of what was achievable with BEPipeR. Before following the entire script it isn't clear what
the main functions of BEPipeR are. What are the core functions of BEPipeR? You could show quick
snippets of plots generated through the BEPipeR pipeline or data analyzed with it on the GitHub
page or within the manuscript. The fact that I had to manually go through the script to understand
what was achieved concretly by BEPipeR prevents me from using it as I didn't know how it could
help before hand. In addition to "Setting up" instructions, you could provide a "Where to start"
section to clear define the goals and possibilities offered by BEPipeR. Also, these instructions
should be available within the GitHub repository, as not all users are going to refer to the
manuscript to understand the basic features of BEPipeR. One thing that would be nice would be to
see where BEPipeR stands in terms of the analysis pipeline of the Biodiversity Exploratories
datasets.

Regarding installation of BEPipeR, I had a hard time setting up with the exact version of R and thus
installing the Pipeline, I had to install [rig]() to be able to switch R versions as R 4.1.1 is already
considered quite old. I had to use admin privileges to install ‘rig’, then use a command line
instruction to install the specific R version, than load RStudio with the good version of R, then
restore the ‘renv’ file. I'm unsure if the average user of the pipeline would be confident to perform
such a long and complicated process. Also, it doesn't seem to be a good idea to have several R
versions laying around your computer. This can definitely confuse your users. While I understand
the need to fix package version to ensure maximum reproducibility, I urge the authors to point
the users to a "simple" way of doing so. After about an hour of struggle, I managed to install all
versions of needed software (previous R version, previous version of RTools, and the ‘renv’
environment). I really wonder to what extent this process is easily extendable to other users, and
this, to me, emphasizes the fact that building an R package with clearly defined package versions
would make the full process easier. Also, if BEPipeR requires all that, while needing an R
connection, I don't understand why it requires to manually download the GADM German gpkg file
instead of providing a function to download it at the good place. Also, it puts the burden on the
users' shoulders where they have not only to download but also rename it properly and move it in
the appropriate folder. A user can stumble over any of each of these steps.

Regarding the pipeline, as advertised in the manuscript as "user-friendly processing of data sets",
I was expecting a clear separation between the features provided by BEPipeR and the script that
needs to be tweaked by the users. What I found was quite hard to understand: a 3000-lines R
script, with both user-input values mixed up with actual functional code to process the dataset. I
found this structure impossibly complex for the feature. I would have expected some functionality
to be "packaged" somehow, if not in an R package, at least in some R/ folders with local functions.
Understanding what parts of this script were to be modified and which ones shouldn't was quite
difficult. Even though everything was explained in much details in the manuscript, I had trouble
connecting the manuscript to the actual script. I would have expected the manuscript to more
explicitly show parts of the script to explain how it works. Instead the manuscript goes in great
length explaining what the script does, without explaining how to use it! For example, the
param¥*.csv files are loaded in the script at three different locations, why is that? Do you expect the
user to go through these three locations to understand what's happening? The three files could be
loaded at the top of the script to easily separate between user input and data loaded
automatically. Also, even though there are dictionaries provided for the design of each of these
files, the structure for variable selection is quite hard to understand what these files are and how
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to create them. I think extensive documentation of these files, with verbal description and
schemes showing how they connect to the pipeline would help. The three param files are
mentioned in Figure 1, but it's really unclear how they connect to the pipeline exactly. What do
they provide and how are they reused throughout the analysis?

Regarding script structure, one thing possible would be to divide the script into smaller scripts to
abstract away some details and better structure the code. With each script calling common
functions, or at least calling one another. The main script doesn't follow RStudio's syntax to create
clear parts that the user can jump through using the "Show Document Outline" feature, the
convention is that any comment in R followed by text and four times the same character is
considered "a part" of the script. This makes navigating the script harder, especially if you're
expecting the user to use RStudio.

Another thing that puzzled me, whether in the manuscript or the software documentation is that
nowhere was explained how I should run the script. Should I run ‘source()" directly on the main
script? With which working directory? Which parameters should I make sure to have changed?
Should I run the script line-by-line or section by section? This should be clearly stated as a naive
user would want to know this information rapidly when downloading the pipeline.

While the paper is a great companion to explain how to use BEPipeR, I think the pipeline should be
self-sufficient and contain enough documentation to be able to operate the pipeline without
referring to external documentation. The documentation should be extensive about the steps,
both about what analyses are performed but also, and it's quite important for a pipeline, how to
perform them, with which possible options.

Have you tested it against users? What was their feedback? I would be curious to know as I expect
the use of such a script to be quite complex for naive users. I would definitely recommend the
authors to simplify the features they want to work on, to compartimentalize their pipeline through
well-defined functions made available to the users, and simplify the final script exposed to the
user, with easy to run routine. Like "run this main script that is going to call internal functions".
The authors could also look into building a [targets](https://docs.ropensci.org/targets/) pipeline
for ease of reproducibility.

I had two additional small remarks: the first one is I congratulate the authors for having thought
about archiving their software on Zenodo in addition to GitHub as it allows near-permanent
archival. The second is that I enjoyed seeing the hexagonal logo of BEPipeR but it doesn't seem
specific enough to be related to Biodiversity Exploratories. Maybe you could think about a logo
that reuses parts of the graphical identity of Biodiversity Explaratories.

# References
1.) Marwick et.al., 2018 (Ref 1)
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Partly

Is the description of the software tool technically sound?
Partly

Are sufficient details of the code, methods and analysis (if applicable) provided to allow
replication of the software development and its use by others?
Partly

Is sufficient information provided to allow interpretation of the expected output datasets
and any results generated using the tool?
Partly

Are the conclusions about the tool and its performance adequately supported by the
findings presented in the article?
Partly
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Summary:

Research Consortia involved in large-scale long-term environmental research frameworks, such as
Biodiversity Exploratories, continuously accrue vast amounts of data. However, a great deal of
effort, technical expertise, and data processing infrastructure is required to leverage these data to
answer even trivial research questions, let alone more intricate questions.

Gllck et al. have developed the BEpipeR tool to facilitate the streamlined synthesis of plot-based
Biodiversity Exploratories data. BEpipeR is written in R, one of the most (if not *the most*) popular
programming languages in ecology. The approach taken by BEpipeR is a template-based
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approach whereby the specifications for the data-processing and synthesis pipeline are provided
as parameters within .csv files, which are then read in as R objects provided to the main pipeline
script.

While there might be more sophisticated ways of approaching the task (e.g. the Portal Project)
than using parameter inputs or dealing with dynamic analysis contexts via static templates (i.e.
data could be in long or wide formats and the user has to specify whether the data is long or wide
instead of this being handled automatically); the strength of a simpler approach is that potential
errors should be more easily detectible and resolvable by more novice R users, the pipeline can be
easily modified, or expanded to other projects.

Although the full computing environment for reproducing and operating the pipeline is not
provided, the software environment is provided utilising the renv R package, which is supported by
RStudio / Posit, and is a well-known, documented and supported tool. This is a good choice given
the target user base of the software are mostly undertaking data synthesis manually with
spreadsheets. Although providing the full computing environment through a tool like
docker/rocker might enable greater reproducibility and longevity / stability, it would not be
approachable to the target user.

The software can be downloaded from GitHub, and the user is expected to execute the software
using the RStudio IDE, which is also an excellent choice given its popularity, and approachability
for new and experienced R users alike.

Software documentation mainly comprises the manuscript under review, as well as the associated
README and some markdown files embedded in subdirectories, which gives a neat overview of
the purpose and contents of the repository. It's always nice to see a pretty HEX sticker too.

I have not had sufficient time to properly play with and test the software / code in detail as I would
prefer (Ivimey-Cook et al. 2023). But I have briefly explored the main code script and associated
files, such as the parameter files, so the majority of my review comprises critiques about the
manuscript, and some minimal aspects of implementation.

The manuscript was well-calibrated in the level of detail and explanation for the software's target
user, and included a good level of detail, in terms of set up / implementation, as well as some nice
design choices that facilitate use by less familiar R users. e.g. the choice to include an excel
spreadsheet version of the parameter specification files and associated data dictionary sheet, and
the distribution of the software in a 'just-ran' state, so that users can get a handle on how the
outputs relate to inputs and specification settings. I also particularly liked Figure 1, which gives a
great visual overview of the data pipeline.

Major Issues & Improvements

A major issue with the manuscript were the small but frequent grammatical errors and stylistic
expression that hampered clarity of meaning. Secondly, the rationale for the software could be
more tightly synthesized with relevant literature, which, if addressed, would help in highlighting
the utility and merits of the software. Similarly, the discussion could reference related approaches
/ literature in to contextualise the intended application and contrast alternative approaches to this
problem. Minor issues include the need for further clarifying some aspects of the pipeine in
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appropriate logical sequence, and some further explanation or provision of further resources /
user guides for the more complex elements of the software. These are addressed in detail below.

Rationale

- In reference to your sentence "By doing so, they might leave out potential data that would have
been instrumental in answering their complex scientific questions, ultimately causing a loss in
statistical power," a loss of statistical power is certainly a big problem caused by not utilising all
available data. I think this problem is actually more serious/nuanced than reduced statistical
power. For example, another problem is that including or excluding particular subsets of the data
may have a large influence on the results and therefore findings (check out some many-analyst
style studies for examples of how analytic decisions may have large bearings on the research
findings, e.g. Gould et al. in press -- disclaimer, I am first author on this paper, there is no pressure
to cite, but we did find that data subsetting could swing numerical results wildly at the boundaries
of expected values).

- Secondly, this ultimately is also a form of 'research waste.' You could also consider citing Buxton
et al. (2021) Ref 2, or Purgar et al. (2022) Ref 3 here.

- Considering these additional problems related to a lack of appropriate infrastructure for
leveraging available data would further underscore the need for the *BEpipeR* package.

- Taking a positive perspective, improving data usage within- and among- consortiums, through
utilising tools similar to *BEpipeR* would contribute to the task of data / evidence synthesis, and
potentially tackling broader empirical research questions, around generality, for example.

- Tools, such as *BEpipeR*, support good data stewardship and data management with a long-
term vision which ultimately support scientific discovery and progress (Wilkinson et al. 2016) Ref 4

Other Related Literature / Applications

- Portal Project and associated package (addresses the same problem as BEpipeR, but for the
Portal Project): https://portal.weecology.org https://github.com/weecology/portalr (Christensen et
al. 2019) Ref 1

- "Regularly updated data" (Yenni et al. 2019) Ref 5-- a potential use-case for BEpipeR as new
monitoring data is collected over time.

- "Near Term forecasting" (White et al. 2019) Ref 6-- another potential use-case for BEpipeR that
could be incorporated into automated pipelines when the software matures into the future.

Use-case demonstration

- I found the textual summary of the use-case was rather onerous to read. This could be better
presented as a diagram / schematic, perhaps with snapshots of the data, and a summary of the
user-settings at various phases of the pipeline.

Minor Issues

- abstract:

- Background: I think a clause qualifying what Biodiversity Exploratories is ("Large-scale long-
term environmental research frameworks") in the abstract would be handy, perhaps at the end of
the final sentence in the 'Background' component of the abstract.

- Implementation:
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- It was nice to see an explanation of the setup that includes an explanation of ‘renv’, I suggest
providing a link to the user-guide (
https://docs.posit.co/ide/user/ide/quide/environments/r/renv.html), given the target audience are
not experienced R users. I've personally experienced a bit of difficulty with ‘renv’ at times, even
thought I consider myself to be at the pointy end of things.

- "For up-to-date set-up instructions, users are referred to the pipeline’s GitHub presence" - I
suggest qualifying the exact location. When I went to find where this information might be, I could
only find the same content stored as a markdown file,

- "As the Excel versions of these files support users in providing processing information [...]" -
the fact that there are .xIsx versions of the same .csv files hasn't yet been introduced in this
paragraph. I suggest stating so clearly and rewording. I had to go to the repository to be sure of
the intended meaning here.

- Table 2:

- Move "Source" row above "Processing" since the content of "Processing" is the product of
"Source": "Files copied here from ‘Source’ for processing through BEpipeR. This directory is
expunged at the start of each pipeline run."

- "The R programming language script of the BEpipeR pipeline": replace "of the" with, "that
executes", or similar.

- Data preprocessing:

- "R session as ‘datasets_table™ should be "global environment for the active R session as the
object ‘datasets_table™.

- In my experience reshaping data between long and wide formats can sometimes be non-
trivial. I would suggest giving users a warning here to check the outputs are as expected after
reshaping. An example of the data reshaping inputs and outputs might also help exemplify this
process a little further. Perhaps as a vignette in the repository or in a text-box. I found the
reshaping a little hard to mentally visualize from the text description.

- The 'standardization by variable' paragraph was also a little tricky to follow. It's stated that
"BEpipeR allows all numeric variables of a data set to be normalized by information provided in a
user-specified column of that data set", what is the specific normalization procedure used? This
should be mentioned so that the user can understand the calculation fully. I assume from the
previous sentence in the paragraph mentioning sampling effort, and from reading below that the
standardization approach is rarefaction?

- Quality Checks

- It seems that outlier checks might be performed once (maybe twice?) by the user, and that
after running the pipeline once to flag potential outliers, the user can then remove outliers, and
then re-run the pipeline to completion. After doing so, should the user then turn off the quality
checking? Figure 1 gives the impression of a somewhat linear pipeline, but perhaps the process is
more iterative depending on actions taken after QC. A little more explanation of the overall
workflow here would be handy.

- Diversity calculations

- Which exact procedure is used to "calculate alpha diversity indices"? This isn't mentioned until
the very end of the paragraph, which follows very detailed treatment of the contentious nature of
rarefaction.

- Post-processing

- "BEpipeR left-joins all available data to the plot IDs template constructed upstream." The target
user is not going to know what a left-join is, most likely. Perhaps you could provide a link to R4ds,
which explains this procedure further: https://r4ds.hadley.nz/joins .
https://rdds.had.co.nz/relational-data.html#outer-join has a really nice diagram depicting and
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explaining this.
- Conclusion

- "People interested can contribute both conceptually, by providing suggestions for future
implementations, and preferably, by coding." This needs a little further explanation, i.e. people
can contribute by making pull-requests to the package's code-base on GitHub.

Referencing

I don't think Baker (2016) is the right reference for the statement "Arguably, BEpipeR has the
potential to generate large composite data sets in a highly reproducible fashion." Either you
meant to cite Baker (2017), which is also in your reference list, or you should cite something more
focussed on the intersection of data pipelines / infrastructure and reproducibility.

Software Citation Style

Instead of having a very long sentence chewing up a whole paragraph containing all of the
software used in your package, consider using a table of package citations, e.g. following the
citation report approach taken by the *grateful* package, summarising packages within a table.

Expression

- At times the writing was hyperbolic and not so succinct, e.g. "fuelled by" (perhaps replace with,
"underpinned by") and "unmatched standing expertise", "To conclude, even though this project
might be facing substantial challenges, it is the Exploratories’ large base of researchers and
scientific staff that has the potential to render this endeavour a success." I think an additional edit
for succinctness and clarity of expression is needed.

- Overuse of demonstrative particles, such as 'this', 'that’, 'these' combined with nominalization at
times hampered clarity and slowed my understanding, e.g. of nominalisation: "that allow for a
straightforward and less time-consuming incorporation into their workflows". Suggest switching
to more active language. This will also help with succinctness.

- "executing the pipeline productively" it's not clear what 'productively' means here. Do you mean
'in production'?

- "Additionally, in the following, we provide an", replace with "Below we provide an"

- Shift "to guide users in familiarizing themselves with the pipeline" after "an in-depth description
of the workflow".

Grammatical, spelling, typographical errors

- "data subsettings": 'subsetting' is plural.

- "data substitution through exact and pattern-based approaches", do you mean 'subsetting'?

- "resolving species aggregates issues", replace "species aggregates" with 'species aggregation' or
similar.

- First sentence of last paragraph in introduction is extremely long, and the clause following the
semi-colon seems incomplete grammatically.
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