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Abstract. In recent years, the expansion of public biodiversity platforms and associated datasets has greatly
improved access to ecological and biological information. These resources now cover vast geographic areas,
extended temporal scales, and diverse taxonomic groups, becoming essential for ecological studies by enabling
more comprehensive analyses and novel hypotheses testing. Concurrently, the development of programming
packages has facilitated data access and interaction, optimizing their retrieval processes. However, most existing
tools are limited to specific databases, posing challenges for studies requiring smooth data integration from
multiple sources. The growing availability of biodiversity records highlight the urgent need for robust tools to
efficiently download, process, and analyse, ecological and biological information. To address this limitation,
we introduce biodumpy, a new Python package developed for the retrieval, management, and integration of
biological data from several public databases. biodumpy provides access to up-to-date and comprehensive
datasets spanning genetic, geographic, taxonomic, and bibliographic sources. It includes specialized modules for
efficient data retrieval across taxonomic lists, with the possibility to process multiple modules simultaneously.
By integrating diverse data sources, biodumpy enhances data acquisition, providing researchers with a powerful
framework for comprehensive analyses and supporting ecological research to tackle complex environmental

challenges.
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INTRODUCTION

Ecology serves as a bridge that integrates diverse
scientific disciplines and its interdisciplinary nature is
essential for understanding the complex interactions be-
tween organisms and their environments, as well as the
relationships among biological entities (Goring et al.,
2014; Odum, 1971). A deep comprehension of the ecolog-
ical dynamics is crucial not only for advancing ecological
theories but also for addressing global pressures such as
climate change, habitat degradation, and biodiversity loss
(Banks-Leite et al., 2020). Addressing these challenges re-
quire the development of robust strategies to catalogue,
assess, and predict biodiversity variations along with their
associated ecosystem services. A key step toward achiev-
ing this goal is the collection and sharing of diverse eco-
logical data that span fine to broad spatial and temporal
scales, encompass multiple biological levels (e.g., from
populations to communities), and include various data
types (e.g., species occurrences, genetic information).

In recent years, the scientific community has wit-
nessed a remarkable expansion of public biodiversity

platforms and related datasets (Heberling et al., 2021).
These digital infrastructures serve as extensive reposito-
ries, often containing highly structured biodiversity data
encompassing diverse issues, including taxonomy (e.g.,
Catalogue of Life; Banki et al., 2025), species occurrences
(e.g., Global Biodiversity Information Facility; GBIF.org,
2025), and genetic information (e.g., Barcode of Life Data
System; Ratnasingham et al., 2024). Nowadays, such digi-
tal resources are indispensable, and many ecological stud-
ies use them to assess comprehensive analyses that were
previously unfeasible due to limited data availability, poor
quality, and low variability. Alongside the growth of these
biodiversity platforms, there has also been a notable rise
in programming packages, particularly for the R language,
designed to connect directly with these databases, simpli-
fying the data retrieval for users. For example, R packages
as rentrez (Winter, 2017) and BOLDconnectR (Padhye et
al., 2025) have been created for downloading genetic data.
The former provides functions to interact with the Nation-
al Center for Biotechnology Information API, allowing
users to search and download data from databases such as
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GenBank and PubMed. Whereas the latter enables the re-
trieval of information such as taxonomy, occurrences, and
DNA barcode sequences from the Barcode of Life Data
Systems database.

Along the same lines, to obtain ecological and biologi-
cal information exist informatic tools such as rgbif (Cham-
berlain et al., 2025) and RBIEN (Maitner et al., 2018) that
allows the users to look for and obtain information about
taxonomy, distribution, trait and other relevant biological
data. All these packages are useful when users need to
connect to specific data sources. However, more recently,
R packages such as spocc (Owens et al., 2025) have been
developed to download and integrate data from multiple
databases, generating unified and comprehensive outputs
accelerating record acquisition for researchers. Despite
these advances, and notwithstanding efforts to develop
increasingly wide-ranging tools, existing packages often
still target a limited number of databases or focus on spe-
cific tasks (e.g., downloading occurrence records). Conse-
quently, only their combined use can adequately address
the multidisciplinary nature of the ecological research.
The development of a toolbox capable of integrating data
from several biodiversity databases, embracing different
research fields, would significantly enhance data acquisi-
tion, providing researchers with a robust foundation for
comprehensive and interdisciplinary analyses, facilitating
the investigation of complex environmental challenges.

Here, we introduce biodumpy, a new multidisci-
plinary Python package designed to simplify the process
of retrieving diverse biological information from several
public databases. To demonstrate its capabilities and sup-
port users in getting started, in this work, we also provide
simplified examples that highlight the package’s poten-
tial. With biodumpy, users can easily download, manage,
and integrate data from different sources, ensuring access
to the most up-to-date and comprehensive biological in-
formation available. The package includes specialized
modules designed to efficiently download data for a list
of given taxa, with the option to process multiple mod-
ules simultaneously. These modules provide the access to
different types of biological information, including genet-
ic, taxonomic, geographic, and bibliographic databases.
Moreover, biodumpy can be used also within the R en-
vironment through the reticulate package (Ushey et al.,
2024), enabling R users to integrate its functionality into
existing R-based workflows. In this framework, biodumpy
will significantly enhance data acquisition by integrating
diverse datasets, providing researchers with a robust foun-
dation for comprehensive analyses.

SOFTWARE TOOL DESCRIPTION

The biodumpy package is developed in Python pro-
gramming language (Van Rossum & Drake 2009), and its
stable version (v.0.1.9) can be installed from the official
repository of Python PyPI using the command: pip in-
stall biodumpy. For those interested in the devel-
opment version (v.0.1.19) the package is available from
TestPyPI with the following command: pip install
biodumpy -i https://test.pypi.org/sim-
ple/ https://pypi.
org/simple/. biodumpy can also be used in R (R Core
Team, 2025) through the reticulate package, which allows
seamless integration of Python code within the R environ-
ment.

-—-extra-index-url

Starting with biodumpy

The use of biodumpy is intuitive, with a general struc-
ture that is consistent across all modules. Below we de-
scribe an overview of the main steps to get started with
the package:

1) Load the package into your Python environment.

2) Import one or more specific modules needed to re-
trieve the data.

3) Define a list of taxa (except for the Crossref module,
which accepts a list of DOIs).

4) Configure the biodumpy module/s with the required
parameters and start the download.

Although each module of biodumpy is characterized by
specific parameters, three parameters are common across
all modules: bulk, output format, and sleep.

bulk is a Boolean parameter allowing users to cus-
tomize the data structure according to their needs during
the saving process (Fig. 1). When bulk is True, the infor-
mation downloaded for each taxon is stored into a single
file. This configuration may be useful if the amount of the
total data is limited, for consolidating data, and simplify-
ing file management. Whereas, if bulk is False, the infor-
mation for each taxon is saved in a separate file each one
named as the taxon. This option is useful for detailed anal-
ysis, particularly when individual taxon-files are required
or when the data for each taxon is extensive.

By default, biodumpy saves the resulting file in a fold-
er named “downloads” within the user’s working direc-
tory. Inside this folder, a subfolder is automatically creat-
ed, named after the current date and, within it, additional
subfolders corresponding to each of the modules used are
generated.
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Figure 1. Example illustrating the folder hierarchy structure, with the distinction based on the bulk parameter being set to either

True (A) or False (B).

Depending on the module, biodumpy provides the op-
tion to store files in two output formats: JSON or FASTA.
Although the JSON format is not commonly used in bio-
logical or ecological fields, we have deliberately chosen
it as default format due to its flexibility to support nested
and complex data structures, such as arrays and key-value
pairs. This makes JSON particularly well-suited for repre-
senting hierarchical or relational data, such as taxonomy
and observations or nested genetic information, within a
single file. Additionally, JSON integrates easily with the
raw data returned by the Application Programming Inter-
faces (APIs) used to develop the biodumpy modules and
can be easily converted into a tabular format (e.g., .csv).

On the other hand, the FASTA format is specifically
designed for storing nucleotide or protein sequences. The
BOLD and NCBI modules offer the option to download
data in FASTA format, making them ideal to retrieve data to
perform sequence-based analysis.

Finally, the s1eep parameter is useful for controlling
the delay between successive data retrieval requests. It
enables users to regulate data download speed, thereby
preventing server overloads and avoiding rate limit viola-
tions. By default, sleep is set to 3 seconds. However, we
encourage users to adjust this parameter according to the
API’s rate policies to ensure responsible data access and
avoid overwhelming external servers.

Biodumpy modules
The current stable version of biodumpy (v.0.1.9) in-
cludes 10 modules that cater to different aspects of bio-

diversity data management, providing functionalities for
working with a wide range of data types. Below, we de-
scribe the main functionalities and parameters for each
module. Detailed information can be found in the bio-
dumpy manual'.

BOLD.—The BOLD module allows users to retrieve
information from the Barcode of Life Data System (Rat-
nasingham et al., 2024). To select the output format users
can simply set the parameter output format to json’
or fasta’. Additionally, this module provides the option to
download a summarized version of the data by setting the
summary parameter to True, offering a more concise and
manageable dataset (Supplementary Material I - S1).

COL.—The COL module allows users to easily re-
trieve taxonomic nomenclature from the Catalogue of Life
(Banki et al., 2025). A key parameter for this module is
the dataset key, which allows the user to select the
Catalogue of Life version to use for the search. This in-
formation can be found at the bottom of the Catalogue of
Life webpage (https://www.catalogueoflife.org/) under
the ChecklistBank label. Additionally, the module allows
users to verify taxon synonyms by setting the parameter
check syn to True. When this parameter is enabled,
only the accepted name is stored in the classification sec-
tion of the JSON file. Conversely, both the synonym and
the accepted name are included in the classification sec-
tion (Supplementary Material I - S2).

Crossref.—The Crossref module allows users to re-
trieve scientific bibliographic metadata from Crossref

! https://biodumpy.readthedocs.io/en/latest/.
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database. Unlike other modules that use a list of taxa as
an input parameter, this module requires a list of DOIs to
download the available bibliographic metadata. Users can
also obtain a summarized version of the downloaded data
by setting the summary parameter to True (Supplementa-
ry Material 1 - S3).

GBIF.—The GBIF module enables users to access
taxonomic and geographic data from GBIF (GBIF.org,
2025). Taxonomic information can be downloaded using
the default parameters, while occurrence information can
be obtained by setting the parameter occ to True. The
module supports filtering occurrences based on a specified
geographic region using the geometry parameter. When a
geometry is provided, only occurrences that fall within the
defined polygon are included in the outcome. Finally, this
module allows the user to check for possible nomenclature
synonyms using the parameter accepted only. If this
parameter is False, nomenclature includes possible syn-
onyms; conversely, the information retrieved corresponds
only to accepted names (Supplementary Material 1 - S4).

INaturalist.—The INaturalist module permit users to
retrieve taxon photo metadata from iNaturalist (iNatural-
ist, 2025). Notably, the module does not directly download
photos from iNaturalist; instead, it retrieves the metadata
required to access them (e.g., 34826202/medium.jpg —
photo id and its size). To retrieve a photo, the photo-ID
(e.g., 34826202) and the image size (e.g., medium) must
be concatenated with the following base URL: https://
inaturalist-open-data.s3.amazonaws.com/photos/  (e.g.,
https://inaturalist-open-data.s3.amazonaws.com/pho-
t0s/34826202/medium.jpg).

To avoid copyright issues, the module retrieves pho-
tos classified under public licenses, including: CCO0, CC
BY, CC BY-NC, CC BY-NC-ND, CC BY-SA, CC BY-ND,
and CC BY-NC-SA (Supplementary Material I - S5).

TUCN.—The IUCN module enables users to efficient-
ly retrieve information on species assessments, habitats,
and threats from the IUCN Red List (IUCN, 2025) by
specifying a species name and providing a personal API
key. Moreover, the module allows users to retrieve data for
a specific list of species from one or more areas by speci-
fying a list of regions in the scope parameter (e.g., scope
= [‘Global’, ‘Europe’]; Supplementary Material 1 - S6).

NCBI.—The NCBI module enables users to efficient-
ly retrieve data from the National Center for Biotechnolo-
gy Information database (NCBI, 2025). To obtain data in
FASTA format, users must set the rettype and output
format parameters to ‘fasta’. By providing a list of taxa,
users can refine their searches using the query type
parameter, which allows for the combination of multiple
search criteria to better target the desired data. For exam-

ple, to download sequences related to the cytochrome c
oxidase subunit I, users can set the query typeto /Or-
ganism] AND (“CO1”[GENE] OR “COI”’[GENE] OR
“COX1”[GENE] OR “COXI”[GENE])’ (Porter & Hajib-
abaei, 2018).

Module performance can be further optimized using
the step idand step seq parameters, which control
the chunk size for downloading IDs and sequences, re-
spectively. While relatively large chunk sizes are manage-
able for ID downloads (e.g., step_id = 500), setting a high
value for step seq can lead to memory issues due to the
potentially large size of the sequence data. To avoid such
problems, we recommend using moderate values for the
step seq parameter (e.g., step_seq = 100). Lastly,
users can retrieve a summary of metadata associated with
the retrieved data by setting the summary parameter to
True (Supplementary Material 1 - S7).

OBIS.—The OBIS module facilitates the retrieval
of data from the Ocean Biodiversity Information System
(OBIS, 2025). Users can download taxonomic informa-
tion from OBIS and, like the GBIF module, this module
enables users to download species occurrences by setting
the occ parameter to True. Moreover, the module sup-
ports filtering occurrences based on specific geographic
regions using the geometry or areaid parameters.
These spatial parameters can be applied independently or
in combination. When a geometry or areaid is spec-
ified, the results include only occurrences that fall within
the defined polygons (Supplementary Material 1 - S8).

WORMS.—The WORMS module enables users to
easily retrieve nomenclature information from the World
Register of Marine Species database (WoRMS Editorial
Board, 2016). Users can set the parameter marine only
to True to restrict the search only for species belonging to
the marine environment. Moreover, it is possible to retrieve
the distribution data for the taxa setting the parameter dis-
tribution to True (Supplementary Material I - S9).

ZooBank.—The ZooBank module allows users to
easily retrieve scientific bibliographic information about
taxa from the Official Registry of Zoological Nomencla-
ture database (International Commission on Zoological
Nomenclature, 2025) by providing a taxa name. To op-
timize the performance of the module, this function in-
cludes the parameter dataset size. This parameter
can set to ‘small’ or ‘large’ depending on the amount of
data to download. Users can also download additional in-
formation setting the parameter info to True. When this
parameter is activated, the outcome includes the main in-
formation of a bibliographic resource along with addition-
al details such as the DOI. Examples of retrieved data can
be found in Supplementary Material 1 - S10.
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Customizable modules

Although several modules have been implemented in
biodumpy, some digital sources may remain unexplored,
limiting the scope of data retrieval. To address this issue,
we offer users the possibility to create their own modules,
leveraging the inherent hierarchical structure of biodumpy.
The commented code to create your own module is avail-
able in Supplementary Material 1 - S11.

Biodumpy tests

To further improve the quality and reliability of bi-
odumpy, we incorporated a comprehensive suite of tests
designed to stress all individual modules and assess their
performance under various conditions. These tests are
executed through a GitHub Actions workflow, which au-
tomatically runs each module whenever a new version is
uploaded to the development or deployment branches. For
the development branch, tests are performed using Python
versions 3.10 and 3.14 on the Ubuntu operating system.
For the deployment branch, the package is tested across
Python versions 3.10 to 3.14 and on three operating sys-
tems: Windows, macOS, and Ubuntu. The testing proce-
dures are conducted using pytest (v. 8.3.3; Krekel et al.,
2004). Test summaries are available online at dev_test and

deploy test.

Dependencies of biodumpy

The biodumpy package relies on several Python li-
braries, listed below: Biopython (v. >=1.84; <2.0): (Cock
et al., 2009); tgdm (v. >=4.66.4; <5.0): (da Costa-Luis
et al., 2024); requests (v. >=2.32.4; <3.0): (Reitz, 2024);
beautifulsoup4 (v. >=4.12.3; <5.0): (Richardson, 2024);
pytest (v. 8.3.2): (Krekel et al., 2004).

EXAMPLE APPLICATIONS

To demonstrate the basic usage of biodumpy, we pro-
vide commented code of three comprehensive examples,
which can be useful for introducing the potential of this
package.

Briefly, in the “Example 17, we aim to work with sev-
eral biodumpy modules and create a general pipeline to
retrieve basic ecological information as taxonomy, occur-
rences, and bibliography from a list of taxa. In the “Exam-
ple 27, we focus on genetic modules, and we illustrate how
to download FASTA files and perform an alignment with
MAFFT (Katoh et al., 2019). In the “Example 3”, we show
how to use biodumpy within the R environment. This can
be particularly useful for users not strictly familiarized
with Python. To facilitate the integration of the biodumpy
in R, we utilize the reticulate package.

While the examples provided are useful for showing
the potential of biodumpy, they do not fully capture the
complexity or scope required for a comprehensive biolog-
ical or ecological data management and analysis. There-
fore, they should be considered as a simple guide to help
the users in performing their own customized pipeline. A
Python script and the downloaded data for each example
are available®.

We encourage users to open the example script pro-
vided in an Integrated Development Environment (e.g.,
Visual Studio Code, PyCharm, or RStudio), rather than
simply copying and pasting the code below into a new
script, to avoid potential issues such as indentation errors
or similar problems.

Example 1 — Work with taxonomic, geographic, and
bibliographic data

In this example, we aimed to create a simple pipeline
to store in a single file the systematics taxonomy classifi-
cation about a target species, its occurrences and an envi-
ronmental variable (i.e., bathymetry) across a specified geo-
graphic area, and the bibliographic information available in

ZooBank for the given taxon. To achieve this, we divided

the example into five steps: 1) loading the necessary pack-

ages; ii) creating a taxa list and downloading information
from GBIF, OBIS, COL, and ZooBank; iii) filtering the
species-specific information and creating separate data-
sets containing taxonomy, distribution, and ZooBank bib-
liographic information; iv) saving each dataset into separate

Excel sheets; v) creating two simple plots one to show the

distribution of occurrences and another for the environmen-

tal variable (Fig. 2). (Data accessed: December 02, 2025.)

Firstly, we import the required package for carrying
out the analysis. If packages are not already installed in
the Python virtual environment, they can be installed us-
ing the general command: pip install package
name==version number (or see the file named “re-
adme.md” contained in the biodumpy Example.zip for
instructions on installing all packages required to run the
examples).

# 1) Import packages and modules #
Jjson
statistics
seaborn
matplotlib.pyplot
xlsxwriter

sns
plt

2 https://osf.io/tn3au/overview?view_only=59718b5494d7405a965ac9d-
1€09252d0.
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Figure 2. A) Density plot representing the distribution of depth data. The x-axis indicates the depth values, while the y-axis represents
the corresponding density. A vertical dashed blue line marks the mean depth, whereas a purple line indicates the median depth. The
shaded area under the curve highlights the overall density distribution. B) Joint plot illustrating the relationship between latitude and
longitude variables. The central scatter plot shows individual data points, with longitude on the x-axis and latitude on the y-axis, indi-
cating the spatial distribution of occurrences. Marginal histograms are displayed along the axes, showing the frequency distributions

of longitude and latitude independently.

from biodumpy import Biodumpy
from biodumpy.inputs import GBIF,
OBIS, COL, ZooBank

After imported the packages, we define a list of taxa
to start the download. In this case, we used a single tax-
on (e.g., Pinna nobilis) to expedite the analysis. Howev-
er, users can include a list of taxa as desired. We utilized
the GBIF, OBIS, COL, and ZooBank modules to retrieve
different types of information, such as taxonomy, taxon
occurrences, and bibliography. To limit the occurrence
download, we defined a polygon around the Balearic Is-
lands.

# 2) Create a taxa list and download
data #

taxa = ‘Pinna nobilis’

polygon = (‘POLYGON((1.1169

38.56042,4.41447 38.56042,4.41447
40.19769,1.1169 40.19769,1.1169
38.56042)) "

bdp = Biodumpy
GBIF (geometry=polygon,
accepted only=True),

occ=True,

OBIS (geometry=polygon, occ=True),

COL (dataset key=313100),
ZooBank (dataset size=’'small’, in-
fo=True

bdp.start (taxa, output path=’./down-

loads example 1/{module}/{name}’

After downloading the data, we can filter each JSON
file and create specific objects for each data type.

# Extract taxonomy of Pinna nobilis
provided by COL.

f = open(‘downloads example 1/COL/Pin-
na nobilis.json’, '
json.load (f) [0

rl

data col =
f.close

# Extract taxonomic classification lev-
els.
classification = data col ‘classifica-

tion’

# Create an object “taxonomy” with the
taxonomic information of the species

id,
taxonomy =

(i.e., name, and taxonomic rank).

for item in classification:
taxonomy.append
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vid’: item(‘id’ ],

‘name’ !

item| ‘name’ |,

‘rank’ item| ‘rank’

# Extract DOI.
f = open(‘downloads example 1/ZooBank/

\ 4

Pinna nobilis.json’,
data zoo = json.load!(f
f.close

r

# Create and object “doi” with the DOI
links.

doi = [item[‘info’][0][‘IdentifierURL’ ]
for item in data zoo

# 3) Prepare occurrence data #

f = open(‘downloads example 1/GBIF/

\ 4

Pinna nobilis.json’,
data gbif = json.load(f
f.close

r

f = open(‘downloads example 1/0BIS/

\ 4

Pinna nobilis.json’, ‘r
data obis = json.load(f

f.close

# Filter GBIF and OBIS data and merge
into a single dataset.
data gbif filtered =
‘scientificName’: item.get (‘ac-
ceptedScientificName’, None),
‘decimallLatitude’: item.
get (‘decimalLatitude’, None),
‘decimalLongitude’: item.
get (‘decimallLongitude’, None),
‘depth’: item.get (‘depth’,
None) ,
‘GBIF'

for item in data gbif

‘source’ :

data obis filtered =

‘scientificName’ : item.
get (‘scientificName’ ),
‘decimalLatitude’ : item.

get (‘decimallatitude’),

‘decimallongitude’: item.

get (‘decimallLongitude’),
‘depth’: item.get (‘bathyme-
try"),
‘OBIS'
for item in data obis

‘source’ :

# Join the objects data gbif filtered

and data obis filtered to create a

# comprehensive object containing the
geographic data.

data = data gbif filtered + data obis
filtered

# Create an object with depth informa-
tion

depth = [item|[ ‘depth’]
data if item|[ ‘depth’]
mean_depth = round(statistics.

mean (depth), ndigits-2

median depth = round(statistics.medi-
an (depth), ndigits=2

for item in

We now create a tabular file (e.g., .xIsx) containing the
downloaded information, organized into separate sheets.
# 4) Save files into an .xlmx #
workbook = xlsxwriter.Workbook (‘down-
loads example 1/biodumpy ex 1.xlsx’
worksheet = workbook.add work-
sheet (‘taxonomy’

worksheet.write row('Al’,
‘Name’

‘Rank’,

# Write taxonomy data
for i,
start=2

worksheet.write row(f/A{i}’,
item[ ‘rank’], item[ ‘name’ ]

item in enumerate (taxonomy,

worksheet = workbook.add work-
sheet (‘occurrences’
worksheet.write row('Al’, [‘scientif-

icName’, ‘decimalLatitude’, ‘decimal-

Longitude’, ‘depth’, ‘source’
# Write occurrence data
for i,

start=2

item in enumerate (data,
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worksheet.write row (f/A{1}",
item[ ‘scientificName’],
item[ ‘dec-
item|[ ‘depth’ ],

item[ ‘decimalLatitude’],
imallLatitude’],

item|[ ‘source’ ]

worksheet = workbook.add work-
sheet (‘bibliography’

worksheet.write(‘'A1’, ‘doi’
# Write bibliographic data
for 1i,
start=2
worksheet.write (f"A {1},

item in enumerate (doi,
item

# Save the workbook
workbook.close

Finally, we produce two simple plots. The first is a
density plot illustrating the depth data’s distribution, along
with its associated mean and median (Fig. 2A). The sec-
ond is a joint plot showing the relationship between lati-
tude and longitude (Fig. 2B)

# 5) Create density plot of depth and
another joint plot for longitude and #
latitude data #

sns.kdeplot (depth, color='orange’,
fill=True, linewidth=0
plt.axvline (x=mean depth,
or="blue’, linestyle='"--7,
width=1, label=’Mean’
plt.axvline (x=median depth,

alpha=.3,
col-
line-

col-

or="purple’, linestyle=’"--', line-

width=1, label='"Median’

plt.legend

plt.show

lon = [item[‘decimallongitude’] for
item in data

lat = [item[‘decimallatitude’] for
item in data

sns.jointplot (x=1lon, y=lat,
kind=’scatter’, color='orange’, edge-

color="black’
plt.show

Example 2 — Genetics
Here we illustrate how to download FASTA files
and perform an alignment with MAFFT. We divided the

process in five main steps: i) loading the necessary pack-
ages; 11) creating a function to remove duplicate records;
iii) downloading the FASTA files from BOLD and NCBI
modules; iv) extracting only the sequences labeled as COI
and merging the data into a single dataset; v) performing
an alignment using MAFFT. (Data accessed: December
02,2025.)

First, we load the packages, and the modules needed
to perform the analysis.

# 1) Import packages #

import subprocess

from biodumpy import Biodumpy

from biodumpy.inputs import BOLD, NCBI
from biodumpy.utils import read fasta,
save fasta

# Install MAFFT following the instruc-
tions provided at https://mafft.cbrc.
jp/alignment/software/

Next, we create a Python function to remove possible
duplicate records shared between the two datasets. This
function has two input parameters: dicts 1ist, which
specifies the name of the list containing the sequences, and
key, which indicates the name of the field containing the
values to check for duplicates. In this example, we use the
NCBI accession number as the value to check.

# 2)
tion #

Create ‘remove duplicates’ func-

def remove duplicates(dicts_list:
list,
seen =

key: str
set

unique dicts =

for d in dicts list:
d.get (key
1f value not

value =
in seen:
unique dicts.append (d
seen.add (value

return unique dicts
Now, we download the sequences in FASTA format

for the Odonata species Anax imperator using the bio-
dumpy modules BOLD and NCBI.
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# 3) Create a taxa list and start the

download #

taxa = [ ‘Anax imperator’

# Set the modules BOLD and NCBI and

start the download.

bdp = Biodumpy
BOLD (bulk=True,

mat=’'fasta’),
NCBI (bulk=True,

output for-

rettype=’fas-

ta’, output format=’fasta’, query
type=’ [Organism]’, mail=’your mailC
git.hub’

bdp.start (taxa, output path="down-

loads example 2/{module}/{name}’

Once we download the files, we can open the two
FASTA files using the function read fasta, specifying
the file paths of the downloaded data as parameters. Next,
we extract only the sequences labeled with COI and com-
bine the data obtained from BOLD and NCBI modules
into a single dataset removing duplicated records.

# 4) Extract only COI Marker #

# Read the fasta files downloaded from
BOLD and NCBI respectively.

seq_bold = read fasta
ple 2/BOLD/bulk.fasta’
seq ncbi = read fasta
ple 2/NCBI/bulk.fasta’

‘downloads exam-

‘downloads_ exam-

# Filtered only sequences labeled as
COI (this is a filter example)
filtered bold =
bold 1f ‘COI-5P7
filtered ncbi =
ncbi if

item for item in seq
in item|[ ‘id’ ]

item for item in seq
‘cytochrome oxidase subunit 1’
in item[ ‘id’ ]

# Remove shared records between BOLD
and NCBI
for item in filtered bold:
‘ncbi accession’] =
item[ ‘id’ ] .split (']’ 1] if
Yid’ l.split (V]7)

item

len (item == 4 else

None

for item in filtered ncbi:
item|[ ‘ncbi accession’] =
item[ 'id’ J.split (‘.7 ) [0

# Join the filtered data

sequences = remove duplicates (filtered

ncbi + filtered bold, ‘'ncbi accession’

# Save the final file

save fasta(‘downloads example 2/se-

quences.fasta’, sequences
Finally, we perform sequence alignment using

MAFFT and save the resulting output. In this step, we

create a command to run MAFFT, setting the alignment

strategy parameter to auto (for more information about

MAFFT parameter options and installation, please visit

the official webpage?).

# 5) Alignment #

# Specify the input file for the align-

ment process and define the output file

path.

# Path to the FASTA file containing se-
quences to be aligned with MAFFT
input file = ‘downloads example 2/se-

quences. fasta’

# Path where the aligned sequences
will be saved

output file = ‘downloads example 2/out-
put.fasta’

# Construct the MAFFT command

# Note: If ‘mafft’ is not found in
PATH,

# specify the full installation path:
# Windows: mafft command = [r’C:\Pro-
gram Files\mafft-win\mafft.bat’, ‘-

# auto’, input file]

# macOS: mafft command = [‘/usr/lo-
cal/bin/mafft’, ‘--auto’, input file]

# Linux: mafft command = [‘/usr/

bin/mafft’,
mafft command =

‘--auto’, input file]

‘mafft’, ‘--auto’, in-

put file

# Run MAFFT

* https://mafft.cbrc.jp/alignment/software/.
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with open (output file, ‘w’) as output:

subprocess.run (mafft command, std-

out=output

Example 3 — biodumpy in R

In the following example, we describe the procedure
for integrating biodumpy into the R environment. This
example is run within the R environment. Therefore, the
code syntax will be slightly different compared to the ex-
amples above. We divide the following code into three
main steps: 1) install and load the reticulate package; ii)
create a virtual environment in R; iii) use a couple of bio-
dumpy modules to download the data. (Data accessed: De-
cember 02, 2025.)

As the first step we install and load the pack reticulate.

# 1) Install and load the reticulate
pack #

install.packages (‘reticulate’,

dencies=TRUE)

depen-
library (reticulate)

Once the package is installed and loaded, users can
set up a specific virtual environment to perform the anal-
ysis. While this step may be unfamiliar to many R users,
it is important to understand its purpose. Similar to R, Py-
thon has a vast ecosystem of external packages that extend
its core functionality. However, Python allows only one
version of a package to be installed at a time, which can
create conflicts when working on multiple projects requir-
ing different package versions or dependencies. To address
this issue, Python enables the creation of virtual environ-
ments, which allow users to manage packages and their
dependencies independently for each project. By default,
reticulate uses an isolated Python virtual environment
named ‘r-reticulate’.

# 2) Create a new environment

# Create and activate the virtual en-
vironment (macOS)

# /opt/homebrew/bin/python3.11 -m venv
./biodumpy example

# source ./biodumpy example/bin/acti-
vate

use virtualenv ('./biodumpy example’,
required = TRUE)

# Set a specific virtualenv and install
biodumpy (v 0.1.9)

virtualenv _install ('./biodumpy exam-
ple’, ‘biodumpy==0.1.9")
# py list packages|()

Once we set the virtual environment containing the
biodumpy package it is possible to start to work with it.
Similarly to the previous examples, we download occur-
rences and sequences from GBIF and BOLD respectively.
# 3) Import biodumpy and its modules
biodumpy <- import (‘biodumpy’)
inputs <- import (‘biodumpy.inputs’)

# Define the taxa vector
taxa <- list(‘Anax imperator’)

# Define a polygon to limit the down-
load from GBIF

polygon = ‘POLYGON((1.1169
38.56042,4.41447 38.56042,4.41447
40.19769,1.1169 40.19769,1.1169
38.56042))’

# Set the BOLD and GBIF modules
bold <- inputsSBOLD (bulk=FA
put format=’"fasta’)

gbif <- inputs$GBIF (bulk=FALSEH,

mMRTTE

C=1RUL,

geometry=polygon)

# Start the download

bdp <- biodumpyS$Biodumpy (list (bold,
gbif))

bdpSstart (taxa, output path =
loads example 3/{module}/{name}’)

‘down-—

DiscussioN

Recent advancements in computational power, cou-
pled with the growing application of big data in various
ecological domains, have significantly improved our ca-
pacity to analyse and understand the natural environment.
Here, we introduced biodumpy, a novel and customizable
Python package developed for the retrieval of biologi-
cal data from multiple public databases. Unlike existing
tools, which are often tailored to interact with a single data
source, biodumpy includes several modules that enable us-
ers to download, manage, and integrate diverse types of
biological information, primarily starting from a user-de-
fined list of taxa. With the ability to retrieve different kinds
of information simultaneously, biodumpy facilitate the
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data collection and ensures compatibility across datasets,
providing a robust foundation for ecological and biologi-
cal analyses.

Overall, biodumpy represents a significant step to-
ward enhancing the efficiency of data acquisition in eco-
logical research, promoting interdisciplinary studies and
permitting scientists to focus more on analysis and out-
come interpretation rather than on data download.

Future versions of the package will enhance flexibility
for more biological data sources, integrate advanced data
cleaning functions, and optimize performance for large-
scale data processing.
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SUPPLEMENTARY MATERIAL 1

S1. Examples of output for the BOLD module. (A) data in JSON format; (B) FASTA format; (C) summarized data
using the parameter summary = True and (D) its field description.

S2. Examples of output for the COL module. (A) data retrieved using the parameter check syn = True; (B) data
retrieved setting the parameter check syn = False.

S3. Examples of output for the Crossref module. (A) standard retrieved data; (B) summarized data and (C) its field
description.

S4. Examples of output for the GBIF module. (A) data retrieved using the parameter accepted only = True; (B)
data retrieved using the parameter accepted only = False; (C) occurrences downloaded within a specific polygon.

S5. Examples of output for the INaturalist module. (A) standard retrieved data.

S6. Examples of output for the [IUCN module. (A) data retrieved using a list of regions; (B) data retrieved using the
parameter assess_details = True.

S7. Examples of output for the NCBI module. (A) standard retrieved data; (B) data retrieved in FASTA format using
the parameters retype = “fasta” and output format =‘fasta”;(C)summarized data using the parameter
summary = True and (D) its field description.

S8. Examples of output for the OBIS module. (A) standard retrieved data; (B) occurrence data retrieved setting the
occ = True, geometry = 'POLYGON((0.248 37.604, 6.300 37.604, 6.300 41.472, 0.248 41.472, 0.248 37.604))’, and
areaid=33322.

S9. Examples of output for the WORMS module. (A) standard retrieved data; (B) data retrieved coupled with the dis-
tribution information setting the parameter distribution = True.

S10. Examples of output for the ZooBank module. (A) data retrieved setting the parameter dataset size =
“small”; (B) data retrieved setting the parameter dataset size = “large”; (C) data retrieved setting the parameter

dataset size= “small” and info = True.

S11. Commented Python script to create your own custom module.
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S1. Examples of output for the BOLD module. (A) data in JSON format; (B) FASTA format; (C) summarized data
using the parameter summary = True and (D) its field description.

(A) Example of data in JSON format: BOLD A
(B) Example of data in FASTA format: BOLD B
(C) Example of summarized data: BOLD C

(D) Summarized data field description.

Field name Description

record_id The unique identifier for the BOLD record.
processid The process ID associated with the BOLD record.
bin_uri The BIN (Barcode Index Number) URI.

taxon The name of the lower taxonomic level.

country The country where the collection event took place.
province_state The province or state of the collection event.
region The region of the collection event.

lat The latitude of the collection event.

lon The longitude of the collection event.

markercode The marker code from the sequences data.
genbank_accession The GenBank accession number from the sequences data.

S2. Examples of output for the COL module. (A) data retrieved using the parameter check syn = True; (B) data
retrieved with the parameter check syn = False.

(A) Example of data retrieved using the parameter check syn = True: COL_A
(B) Example of data retrieved with the parameter check syn = False: COL_B

S3. Examples of output for the Crossref module. (A) standard retrieved data; (B) summarized data and (C) its field
description.

(A) Example of standard retrieved data: Crossref A
(B) Example of summarized data: Crossref B
(C) Summarized data field description.


https://osf.io/tn3au/files/jxp72?view_only=59718b5494d7405a965ac9d1e09252d0
https://osf.io/tn3au/files/wd6vj?view_only=59718b5494d7405a965ac9d1e09252d0
https://osf.io/vpbzy?view_only=59718b5494d7405a965ac9d1e09252d0
https://osf.io/vutx7?view_only=59718b5494d7405a965ac9d1e09252d0
https://osf.io/s4p93?view_only=59718b5494d7405a965ac9d1e09252d0
https://osf.io/btzun?view_only=59718b5494d7405a965ac9d1e09252d0
https://osf.io/tn3au/files/h38wq?view_only=59718b5494d7405a965ac9d1e09252d0

TomMMASO CANCELLARIO ET AL. — BIODUMPY

Field name Description

publisher The name of the publishing entity responsible for releasing the publication.

container-title The title of the journal or book in which the research is published.

DOI The Digital Object Identifier assigned to the publication.

type The publication type, such as article, book chapter, report, etc.

language The language in which the publication is written.

URL A direct link to the publication.

published The date when the research was published.

title The title of the publication.

author The names of the apthors who contributed to the research along with their main
academic information.

abstract The publication abstract.

S4. Examples of output for the GBIF module. (A) data retrieved using the parameter accepted only = True; (B)
data retrieved using the parameter accepted only = False; (C) occurrences downloaded within a specific polygon.
geometry =“POLYGON((0.248 37.604, 6.300 37.604, 6.300 41.472, 0.248 41.472, 0.248 37.604))”

(A) Example of data retrieved using the parameter accepted only = True: GBIF_A
(B) Example of data retrieved using the parameter accepted only = False: GBIF_B
(C) Example of occurrence download: GBIF_C

S5. Examples of output for the INaturalist module. (A) standard retrieved data.

(A) Example of standard retrieved data: [Naturalist A

S6. Examples of output for the [IUCN module. (A) data retrieved using a list of regions; (B) data retrieved using the
parameter assess_details = True.

(A) Example of data retrieved using a list of regions: IUCN_A
(B) Example of data retrieved using the parameter assess details = True: [IUCN_B

S7. Examples of output for the NCBI module. (A) standard retrieved data; (B) data retrieved in FASTA format using
the parameters retype = “fasta” and output format =“fasta”; (C)summarized data using the parameter
summary = True and (D) its field description.

(A) Example of standard retrieved data: NCBI_A

(B) Example of data retrieved in FASTA format: NCBI_B
(C) Example of summarized data: NCBI_C

(D) Summarized data field description.
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https://osf.io/tn3au/files/k63fg?view_only=59718b5494d7405a965ac9d1e09252d0
https://osf.io/tn3au/files/8nky6?view_only=59718b5494d7405a965ac9d1e09252d0
https://osf.io/jp4vn?view_only=59718b5494d7405a965ac9d1e09252d0
https://osf.io/bx6cz?view_only=59718b5494d7405a965ac9d1e09252d0
https://osf.io/tn3au/files/q864s?view_only=59718b5494d7405a965ac9d1e09252d0
https://osf.io/tn3au/files/qyu2z?view_only=59718b5494d7405a965ac9d1e09252d0
https://osf.io/sthqp?view_only=59718b5494d7405a965ac9d1e09252d0
https://osf.io/d4um2?view_only=59718b5494d7405a965ac9d1e09252d0

TomMMASO CANCELLARIO ET AL. — BIODUMPY

Field name Description

1d A numerical identifier (GI Number) that used to be assigned to each sequence
version (e.g., "345678912").

Cabtion A unique identifier (accession number) assigned to a sequence when it is submit-

P ted to GenBank (e.g., "NM_001256789").

Title A short description or title of the sequence, often including information about the
gene, organism, and type of sequence.
The length of the sequence in base pairs (for nucleotide sequences) or amino

Length . .
acids (for protein sequences).

query The original search term or query string used to retrieve this result.

S8. Examples of output for the OBIS module. (A) standard retrieved data; (B) occurrence data retrieved setting the
occ = True, geometry = “POLYGON((0.248 37.604, 6.300 37.604, 6.300 41.472, 0.248 41.472, 0.248 37.604)) ",
and areaid=33322.

(A) Example of standard retrieved data: OBIS_A
(B) Example of occurrence download: OBIS B

S9. Examples of output for the WORMS module. (A) standard retrieved data; (B) data retrieved coupled with the dis-
tribution information setting the parameter distribution = True.

(A) Example of standard retrieved data: WORMS_A
(B) Example of data retrieved with distribution information: WORMS B

S10. Examples of output for the ZooBank module. (A) data retrieved setting the parameter dataset size =

“small”; (B) data retrieved setting the parameter dataset size = “large”; (C) data retrieved setting the parameter
dataset size= “small” and info = True.

(A) Example of data retrieved setting the parameter dataset size = “small”: ZooBank A
(B) Example of data retrieved setting the parameter dataset size = “large”: ZooBank B

(C) Example of data retrieved setting the parameter dataset size = “small” and info = True: ZooBank C

S11. Commented Python script to create your own custom module: Python_script
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https://osf.io/5agx7?view_only=59718b5494d7405a965ac9d1e09252d0
https://osf.io/5hb4x?view_only=59718b5494d7405a965ac9d1e09252d0
https://osf.io/um96s?view_only=59718b5494d7405a965ac9d1e09252d0
https://osf.io/tn3au/files/fngs3?view_only=59718b5494d7405a965ac9d1e09252d0
https://osf.io/eq392?view_only=59718b5494d7405a965ac9d1e09252d0
https://osf.io/zyqna?view_only=59718b5494d7405a965ac9d1e09252d0
https://osf.io/tn3au/files/rgzjq?view_only=59718b5494d7405a965ac9d1e09252d0
https://osf.io/ymp8z?view_only=59718b5494d7405a965ac9d1e09252d0

