ISIMBMG

Metabarcoding & Metagenomics

Metabarcoding and Metagenomics 10: 983-1006 (2026)
DOI: 10.3897/mbmg.10.188340

GUYASOILeDNA: a trans-kingdom and functional eDNA
dataset on soil biodiversity from diverse land-cover types

in French Guiana

Irene Calderén-Sanou™®, Finn Piatscheck™®, Anne-Sophie Benoiston?®, Jérome Chave?®,

Fabian J. Fischer?®*®, Marilou Hircq', Amaia Iribar?®, Eliane Louisanna'!, Frédéric Petitclerc’®,
Jérémy Raynaud?®, Gaétan Rongier*”, Uxue Suescun-Darias?®, Shengli Tao®"”, Valérie Troispoux'®,
Lucie Zinger?®, Jérébme Murienne®®, Jérome Orivel?”, Heidy Schimann’

1 UMR Ecologie des Foréts de Guyane (AgroParisTech, CIRAD, CNRS, INRAE, Université de Guyane, Université des Antilles), Campus Agronomique, BP 316,

Kourou Cedex 97379, France

o AW N

Peking University, Beijing 100871, China

Centre de Recherche sur la Biodiversité et I'Environnement (CRBE), UMR 5300 CNRS, IRD, INR, Université de Toulouse, Toulouse, France

Department of Life Science Systems, Technische Universitat Miinchen, Hans-Carl-von-Carlowitz-Platz 2, 85354 Freising, Germany

Institut Genetique, Reproduction et Developpement (iGReD), UMR 6293 CNRS, INSERM, UCA 28 place Henri Duant - BP38 - 63001 Clermont-ferrand, France
Institute of Ecology, College of Urban and Environmental Sciences, and State Key Laboratory of Vegetation Structure, Function and Construction (VegLab),

6 LEEISA, CNRS, Université de Guyane, IFREMER, Cayenne 97300, French Guiana
7 Biodiversité, Génes et Communautés (BIOGECO), Université de Bordeaux, INRAE, F-33610 Cestas, France
Corresponding author: Irene Calderén-Sanou (irene.calderon-sanou@ecofog.gf)

OPEN aACCESS

Academic editor: Ross Stewart
Received: 18 February 2026
Accepted: 6 July 2026
Published: 29 September 2026

Citation: Calderén-Sanou |, Piatscheck
F, Benoiston A-S, Chave J, Fischer
FJ, Hircg M, Iribar A, Louisanna E,
Petitclerc F, Raynaud J, Rongier G,
Suescun-Darias U, Tao S, Troispoux
V, Zinger L, Murienne J, Orivel J,
Schimann H (2026) GUYASOILeDNA:
a trans-kingdom and functional
eDNA dataset on soil biodiversity
from diverse land-cover types in
French Guiana. Metabarcoding and
Metagenomics 10: e188340. https://
doi.org/10.3897/mbmg.10.188340

Copyright: © Irene Calderén-Sanou et al.

This is an open access article distributed under
terms of the Creative Commons Attribution
License (Attribution 4.0 International = CC BY 4.0).

Abstract

Soil biodiversity represents approximately 60% of all described species on Earth and
plays a critical role in terrestrial ecosystem functioning. However, knowledge of tropical
soil biota and their roles remains highly fragmentary, especially in hyperdiverse tropical
regions that remain largely undersampled relative to their temperate counterparts. Re-
cent non-invasive methods, such as environmental DNA (eDNA) metabarcoding, have
enabled large-scale data collection across kingdoms of life and habitats, including
understudied compartments such as soils. Here, GUYASOILeDNA is presented as the
first large-scale eDNA metabarcoding dataset of tropical soil Bacteria (16S), Eukaryota
(18S), Fungi (ITS1), and Insecta (16S) from French Guiana. This dataset describes the
distribution of 69,881 operational taxonomic units (OTUs) in 1,410 soil samples col-
lected across a variety of forest types, savannas, pastures, and urban areas. In addi-
tion, functional annotations based on trophic guild assignments are provided for 51%
of the OTUs. This dataset can be used for meta-analyses, exploring soil taxonomic and
functional diversity in relation to environmental factors, studying spatial associations
among soil groups, and informing protected area management, among other applica-
tions. While this dataset represents an important first step toward understanding soil
biodiversity in the region, it also reveals key gaps that may guide future research.

Key words: Amazon region, biodiversity data, environmental DNA, functional annota-
tions, metabarcoding
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Introduction

Soil biodiversity accounts for nearly 60% of all known species on Earth (Anthony
et al. 2023), encompassing organisms from all kingdoms that sustain essen-
tial ecosystem functions such as nutrient cycling, carbon storage, and plant
productivity (Delgado-Baquerizo et al. 2020). Despite its importance, soil bio-
diversity remains undersampled and increasingly threatened by global environ-
mental change (Cameron et al. 2018; Geisen et al. 2019). The Amazon biome,
one of the planet's main biodiversity hotspots (Rafigpoor et al. 2005) and a
key regulator of climate and biogeochemical cycles, is facing growing pressure
from land-use conversion and climate change, with potentially irreversible im-
pacts across ecosystem compartments (Flores et al. 2024; Brando et al. 2025).
However, the documentation of soil communities in this area is lacking or frag-
mented, and this gap is exacerbated by sampling challenges, limited funding,
and other logistical constraints of the region (Guerra et al. 2020; Carvalho et
al. 2023; Venturini et al. 2023). The absence of baseline data limits the ability
to understand belowground biodiversity and quantify its responses to global
change, as well as the consequences for ecosystem functioning. Ultimately,
this hinders the development of effective conservation and management strat-
egies to support regional sustainability goals.

Environmental DNA (eDNA) metabarcoding has transformed the ability to
study this “hidden” biodiversity at large spatial scales (Taberlet et al. 2018;
Zinger et al. 2020) by enabling fast, cost-effective detection of multiple tax-
onomic groups, including cryptic, hard-to-identify, and undescribed taxa.
Moreover, by combining molecular tools with taxonomic and functional refer-
ence databases, eDNA enables an integrated view of the taxonomic and func-
tional diversity of soil communities, shedding light on their structure, ecological
roles, and responses to environmental gradients (Calderén-Sanou et al. 2023;
Cantera et al. 2025).

Here, GUYASOILeDNA (GUYAnese Soil Observational Integrated Library of eDNA
data) is presented as a regional-scale dataset describing soil biodiversity based
on eDNA metabarcoding across multiple kingdoms of life and habitats in French
Guiana. This French territory is located on the Guiana Shield, an ancient and rela-
tively well-preserved part of the northeastern Amazon that harbors high biological
and geological diversity (Guitet et al. 2015). Although most of the territory remains
covered by pristine rainforest (Bastick et al. 2018), the coastal zone comprises a
diversity of habitats that are increasingly threatened by demographic growth and
development. This region therefore provides an ideal framework to study soil bio-
diversity across a mosaic of land-cover types with varying degrees of anthropiza-
tion, ranging from diverse forest types, including white-sand, terra firme, seasonally
flooded, and cloud forests, to coastal savannas of high conservation value and
increasingly anthropized areas such as pastures and urban zones (Fig. 1A).

The dataset presented here constitutes the first integrated effort to char-
acterize soil biodiversity, both taxonomic and functional, across multiple king-
doms of life at the scale of French Guiana using molecular tools. The dataset
comprises 69,881 operational taxonomic units (OTUs) from Bacteria, Eukaryota,
Fungi, and Insecta, with trophic or functional guild assignments available for
51% of them. In addition to describing the dataset, its sampling completeness
and environmental coverage are assessed.
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Material and methods
Sampling

A total of 1,410 soil samples was collected across different land-use types in
French Guiana between 2016 and 2023 as part of various research initiatives
and soil sampling campaigns (Fig. 1A, Suppl. material 1: table S1). Forest
habitats included terra firme, seasonally flooded, white-sand, and cloud for-
ests (ONF 2015). Sampling in forests followed a standardized design of 1-ha
plots at each site, with 16 sampling points arranged on a 20 x 20 m grid. At
each point, composite samples were collected, each consisting of five soil
cores (Fig. 1B). The sampling design differed slightly for the Montagne Kotika
site (10 plots), where only eight samples were collected within a 0.5-ha plot
due to the particular topographical features of the area. In coastal savannas
and pastures, the sampling design consisted of smaller plots (0.25 ha), each
yielding five composite samples. Urban areas were sampled through a citi-
zen science initiative involving school students, using simple non-composite
samples collected in private backyards, schoolyards, parks, or other urban or
semi-urban soils.

Soil cores were collected with a trowel cleaned with distilled water before
each use. After removing surface litter, the upper 10 cm of soil was sampled
either from a single point for simple samples or from five points for composite
samples. For composite samples, the five subsamples were sampled as shown
in Fig. 1B and then pooled and homogenized. A total of 15 g of each soil sample
was transferred into sterile bottles containing 40 g of silica gel for rapid des-
iccation and storage prior to DNA extraction. The remaining soil was used to
measure soil physicochemical properties.

DNA extraction, amplification, and metabarcoding

DNA was extracted from 15 g of desiccated soil using a phosphate-based
buffer and processed following the protocol of Taberlet et al. (2012, 2018).
This approach was chosen over commercial kits due to its reduced cost, ease
of implementation, and ability to work on larger soil volumes while preserv-
ing the overall signal retrieved (Zinger et al. 2016). In summary, after mixing
the soil with 15 mL of phosphate buffer (Na,HPO,; 0.12 M; pH 8), 2 mL of the
suspension was loaded onto NucleoSpin Soil columns (Macherey-Nagel kit,
740780.50) and processed following the manufacturer’s protocol. Negative ex-
traction controls, consisting of 15 mL of phosphate buffer only, were included
in each DNA extraction batch.

Polymerase chain reaction (PCR) amplifications were performed for four
DNA markers targeting bacteria (16S rRNA gene), eukaryotes (18S rRNA
gene), fungi (ITS1 region), and insects (mitochondrial 16S rRNA gene)
(Table 1). Each PCR reaction was carried out in a total volume of 20 pL, con-
taining 10 pL of AmpliTaq Gold Master Mix (Life Technologies, Carlsbad, CA,
USA), 5.84 pL of nuclease-free water (Thermo Fisher Scientific, Waltham,
MA, USA), 0.25 uM of each primer, 3.2 ug of BSA (Roche Diagnostics, Basel,
Switzerland), and 2 pL of DNA template, which was diluted 10-fold prior to
PCR to reduce the effects of inhibitors. Thermocycling conditions for each
DNA marker are described in Table 1.
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Figure 1. Map of sampling sites included in GUYASOILeDNA across diverse land-cover types (A) and sampling design
per land-cover type (B). In A, each point represents a plot for forests (cloud forest, terra firme, seasonally flooded forest,
or white-sand forest), pastures, or savannas, or a sampling location for urban areas. In B, each point represents a com-
posite soil sample consisting of five soil cores collected within a 1 m? square, except for urban areas, where one point
corresponds to one soil core.

Table 1. Characteristics of the DNA markers used and associated criteria for molecular analyses and bioinformatics

processing.

Target taxa

Target region

Forward sequence
Reverse sequence

Reference

Thermocycling conditions:

# cycles Denaturation

Annealing

Elongation

Final elongation
Sequencing technology

Marker length
|'=min, L = max

OTU clustering
sequence similarity

Taxonomic assignment
i) Reference database

i) Algorithm

Bact01

Bacteria

V5-V6 regions of the 16S

rRNA gene

GGATTAGATACCCTGGTAGT
CACGACACGAGCTGACG
Fliegerova et al. 2014

30
95 °C (30s)
57 °C (30s)
72 °C (90s)
72 °C (7 min)
MiSeq
=100

>97%
i) SILVANngs v138.2

i) blastn

Euka02
Eukaryota

V7 region of the 18S
rRNA gene

TTTGTCTGSTTAATTSCG
TCACAGACCTGTTATTGC
Guardiola et al. 2015

35
95 °C (30s)
45 °C (30s)
72 °C (60s)
72 °C (7 min)
HiSeq
=40

>97%

i) SILVANngs v138.2

i) blastn

Fung 01 Inse01
Fungi Insecta

ITS1 region of the nuclear 16S mitochondrial rDNA

ribosomal RNA genes : 18s
GGAAGTAAAAGTCGTAACAAGG | TRRGACGAGAAGACCCTATA
CAAGAGATCCGTTGTTGAAAGTT | TCTTAATCCAACATCGAGGTC
White et al. 1990; Taberlet et Clarke et al. 2014

al. 2018
35 40
95 °C (30s) 95 °C (30s)
55 °C (30s) 49 °C (30s)
72 °C (60s) 72 °C (60s)
72 °C (7 min) 72 °C (7 min)

MiSeq MiSeq

=30 =140

>97% >97%

i) UNITE / local database i) ecoPCR from GenBankr261/

local database

if) DNAbarcoder ii) ecotag

For forest sites, one negative extraction control per site and one negative
PCR control per plate were amplified and sequenced alongside the samples.
For urban areas, savannas, and pastures, negative controls, including extraction
and PCR controls, were randomly assigned on the plates. Positive controls con-
sisted of mock communities of plant and fungal DNA; no mock communities
were included for bacteria or eukaryotes, and these controls were used to guide
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data curation. Two PCR replicates were performed for each forest sample and
control, whereas only one replicate was performed for soils collected in urban
areas, pastures, and savannas. Consequently, cautious cross-habitat compar-
isons using this dataset are recommended, and future studies aiming to har-
monize replication across these habitats should add technical replicates or
internal standards. Nevertheless, the consistently robust PCR yields obtained
across these nonstandardized samples serve as reliable proxies for both high
initial DNA copy numbers and strong overall sample amplifiability, minimizing
the likelihood of widespread false negatives.

Amplifications employed a double-indexing strategy using a set of 32 x 36
octamer tags, with at least five differences between tags, attached to the 5
ends of each primer (Coissac et al. 2012). This allowed each PCR product to be
labeled with a uniqgue combination of forward and reverse tags for sample iden-
tification. A total of 10 wells per PCR plate were left empty, serving as sequenc-
ing controls and unused tag combinations for downstream data curation.

PCR products were pooled, and sequencing libraries were prepared using the
[llumina TruSeq Nano PCR-Free kit according to the manufacturer’s instructions,
except that the ligation product was not PCR-amplified to reduce tag-jump bi-
ases (Schnell et al. 2015). Libraries were sequenced on different lllumina plat-
forms depending on the marker: HiSeq for insects and MiSeq paired-end for the
other markers (Genoscope, Toulouse, France, and San Diego, CA, USA).

Bioinformatics

Raw reads from each library were processed individually using a common bio-
informatics pipeline. First, demultiplexing was performed with cutadapt v4.4
(Martin 2011). To allow sorting of slightly truncated reads, an overlap (-o, --over-
lap) of two nucleotides shorter than the length of the shortest tag-primer com-
bination was allowed, and the error rate (-e, —-error-rate) was set to 0.1. Reads
were retained without truncation (--action retain). Because raw reads were in
mixed orientation within the FASTQ files, demultiplexing was performed twice,
and reads were later concatenated into per-sample FASTQ files.

Subsequent steps were carried out using the APSCALE pipeline v1.7.1
(Buchner et al. 2022), which incorporates VSEARCH (Rognes et al. 2016), cut-
adapt (Martin 2011), and LULU (Frgslev et al. 2017). Paired-end reads were
assembled with a minimum overlap of 10 nucleotides and a maximum read dif-
ference of 25% over 199 nucleotides. Adapters were trimmed, and reads were
filtered based on expected minimum and maximum lengths (+10 nucleotides),
with a maximum error rate of 1. Reads were then dereplicated, and unique se-
guences with fewer than four reads were excluded. The remaining unique se-
quences were clustered at 97% identity. The LULU algorithm was applied to
detect and exclude erroneous OTU occurrences using the default parameters,
i.e., @ minimum similarity of 84% and a minimum relative occurrence of 95%.

Final metabarcoding data quality control and additional curation were per-
formed with the metabaR package (Zinger et al. 2021) to exclude contamina-
tion or degraded OTUs, flag failed PCRs, and reduce tag-jump bias. Metrics
regarding the number of samples and controls, and read counts at the initial
and final stages of the bioinformatics pipeline, are summarized in Suppl. ma-
terial 1: table S2.
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Read standardization was performed using the scaling with ranked subsa-
mpling (SRS) method from the R package SRS (Beule and Karlovsky 2020) to
correct for differences in sequencing depth among samples. SRS operates di-
rectly on read counts and aims to equalize sampling effort while preserving
the original community structure. It combines scaling to a common minimum
sequencing depth (Cmin) with ranked fractional subsampling (Cfrac), thereby
reducing the loss of information and compositional distortion associated with
classical rarefaction approaches. The cleaning and standardization steps led
to the loss of some samples for each marker, such as those containing a high
proportion of contamination or an insufficient number of reads.

To combine data across different sequencing runs, OTU representative se-
quences were reclustered using SUMACLUST (Mercier et al. 2013) at 97% simi-
larity (Bonin et al. 2023). Taxonomic assignment was performed on representa-
tive OTU sequences using marker-specific approaches (Table 1). For ribosomal
universal markers (Bacteria and Eukaryota), the sequences were compared
against SILVA version 138.1 with the SILVAngs pipeline (Quast et al. 2013).
Insect OTUs were assigned using the ecotag program from OBITools (Boyer et
al. 2016) with marker-specific reference databases built using the ecoPCR pro-
gram (Ficetola et al. 2010) from the EMBL database v136 and a local database
that included published records (Kocher et al. 2017; Talaga et al. 2017; Rongier
et al. 2023) and newly generated sequences for the remaining taxa (currently in
preparation). Fungal OTUs were assigned using DNAbarcoder (Vu et al. 2019)
with a curated UNITE ITS1 database and a local database (Jaouen et al. 2019).
When multiple databases were used for a given marker, the final assignment
was selected using the taxodecider function from the metabaR R package. All
OTUs corresponding to taxa not targeted by each marker were removed from
the final dataset. Additionally, other groups, such as marine or aquatic taxa,
were removed, as these assignments may result from taxonomic misassign-
ment or incomplete reference databases, as well as occasional non-soil DNA
inputs (e.g., transported DNA from animal excrements or watercourses).

Functional assignments

Functional assignments were performed separately for each marker using dif-
ferent tools, databases, literature sources, and expert knowledge. To facilitate
the functional classification of taxonomically annotated OTUs, the Soil Food
Web Ontology (SFWO) (Le Guillarme et al. 2023) was used as a global framework
for reconciling taxonomic and semantic heterogeneities among data sources.

For bacteria, the retrieved taxa were assigned a functional guild primarily
using the Bacteria and Archaea Traits database (Madin et al. 2020), as well
as FAPROTAX (Louca et al. 2016). Additionally, some generalizations were
applied: all unclassified Cyanobacteriota, Chloroflexota, and Chlorobiota were
grouped as phototrophs, while all Chlamydiae OTUs were classified as zoopar-
asites unless otherwise specified. Potential pathogens, including phytopara-
sites, zooparasites, and microbial parasites, were identified at the genus level
using the MBPD (Yang et al. 2023) and EID2 (Wardeh et al. 2015) databases.
Genera listed as potential zoopathogens in EID2 but absent from MBPD were
individually verified, and only those known to cause diseases in humans or ani-
mals, excluding commensals or rare taxa, were retained. Phytopathogens were
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identified using MBPD, and microbial parasites using EID2. The main function-
al guilds identified were phototrophs, chemoheterotrophs, microbial parasites,
phytoparasites, zooparasites, and taxa involved in the iron (Fe), manganese
(Mn), nitrogen (N), and sulfur (S) cycles. Guilds related to biogeochemical cy-
cles included taxa specifically associated with each cycle. 0TUs that could not
be classified into these categories were further assigned as copiotrophs or oli-
gotrophs following Stone et al. (2023) when the information was available.

For eukaryotes, functional assignments were performed for fungi, animals,
and protists using taxa retrieved from the different DNA markers (Table 1).
Animals, excluding insects, and protists were annotated from the eukaryote
marker (Euka02; Table 1), whereas fungi and insects were annotated from their
respective group-specific markers (Fung01 and Inse01), which provide higher
taxonomic resolution. Consequently, no functional annotations were performed
for fungal and insect taxa retrieved from the eukaryotic marker. Plant sequenc-
es were not functionally classified due to insufficient taxonomic resolution.

Protists were defined as all eukaryotic taxa not belonging to the Animalia
(Metazoa), Plantae (Spermatophyta), or Fungi kingdoms. Functional annota-
tions were based on trophic information from Adl et al. (2019) and Singer et
al. (2021). Protists were assigned to the following functional groups: micro-
bivores, osmotrophs, phytoparasites, phototrophs, saprotrophs, zooparasites,
and zoosymbionts. When possible, microbivores were further divided into bac-
terivores and eukaryvores.

For animals, functional information, i.e., trophic preferences, was derived pri-
marily from Potapov et al. (2022) and Brown et al. (2024) at the phylum, order,
or class level. Animal taxa were assigned to the following functional groups:
bacterivore, detritivore, fungivore, microbivore, omnivore, phytophage, predator,
and zooparasite.

For fungal taxa, a list of ectomycorrhizal fungal genera from the Neotropics
curated by specialists was used to assign OTUs to the ectomycorrhizal guild
(Romero-Gutiérrez et al. n.d.). The remaining OTUs annotated at the genus level
were assigned to guilds using the FungalTraits database (PdIme et al. 2020),
based on their primary lifestyle. However, when the primary lifestyle did not cor-
respond to ecological roles from the soil compartment (e.g., epiphytes living on
leaf surfaces), but the secondary lifestyle did, the secondary lifestyle was used
for classification. OTUs identified at higher taxonomic ranks were classified
using FUNGuild (Nguyen et al. 2016), retaining only guilds corresponding to the
categories above. All Glomeromycetes were classified as arbuscular mycorrhi-
zal fungi. Fungal taxa were assigned to the following functional groups: sapro-
trophs (soil, wood, litter, or other), mycorrhizal (arbuscular or ectomycorrhizal),
plant pathogens, mycoparasites, animal parasites, lichen parasites, lichenized
fungi, endophytes, and epiphytes. Other guilds, which were represented by few-
er than five OTUs, were grouped into an “Other” category, including unspecified
pathotrophs, unspecified symbiotrophs, moss symbionts, and algal parasites.

Functional assignments of insect taxa were based on several literature
sources, online databases such as the Global Ants Database, and expert knowl-
edge, prioritizing Neotropical information. OTUs annotated at the family lev-
el were assigned using trophic data from Rainford and Mayhew (2015). For
OTUs assigned at finer taxonomic resolution (e.g., subfamily, genus, species),
additional references were consulted—particularly for ants and termites, where
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Rainford and Mayhew (2015) provided limited information. The main trophic
guilds identified for insects were detritivores, fungivores, nectarivores, omni-
vores, parasites, phytophages, predators, and zooparasites. Termites, classi-
fied as detritivores, were further divided into soil-feeding and wood-feeding
groups when possible.

Associated metadata

The dataset contains associated metadata consisting of soil properties, cli-
mate, and other topographic variables. Soil physicochemical properties were
measured on soil samples at the plot level or at the sample level for urban
soil samples. For urban soil samples, these physicochemical analyses were
conducted only on a subset of samples (59/233 samples; Suppl. material 1:
table S1). The measured properties were granulometry, i.e., the proportion of
sand, clay, and silt, pH, total nitrogen (TN; in mg/kg), organic carbon content
(OC; in mg/kg), available phosphorus (Olsen P; in mg/kg), and the carbon-to-ni-
trogen ratio (C:N). These analyses were conducted at the PAPC platform
(Toulouse, France; https://chemicalanalysis.cnrs.fr/) and at the Laboratoire
d’Analyse des Sols (Arras, France; https://las.hautsdefrance.hub.inrae.fr/).

The remaining variables were extracted from environmental layers in free-ac-
cess, remote-sensing-derived environmental databases that provide informa-
tion on geology, topography, bioclimates, and vegetation in French Guiana. This
information was retrieved at the plot level or at the sample level for urban soil
samples. Elevation data were obtained from Shuttle Radar Topography Mission
digital elevation models (Farr et al. 2007). The 30 m resolution tiles available at
www.guyane-sig.fr were obtained and aggregated to cover French Guiana. Based
on elevation data, slope, aspect, topographic wetness index, and topographic
convergence index were calculated using QGIS (QGIS Development Team 2023).

Bioclimatic variables were obtained from CHELSA, which provides down-
scaled model output temperature and precipitation estimates at fine resolution
(30 arc seconds) (Karger et al. 2017). The 19 bioclimatic variables derived from
these estimates were extracted, representing annual trends, seasonality, and ex-
tremes of climatic variables (available at https://chelsa-climate.org/bioclim/).

Data evaluation

Samplingcompleteness was evaluated using sample-based accumulationcurves.
For each DNA marker, OTU accumulation curves were computed from 200 ran-
dom permutations of sample order, providing mean diversity estimates and 95%
confidence intervals. To estimate regional diversity, curves were fitted with com-
mon nonlinear accumulation models, i.e., Monod and negative exponential mod-
els. Models were compared using Akaike's Information Criterion (AIC), and the as-
ymptote of the best-fitting model was used as the estimate of regional diversity.

To evaluate coverage across environmental gradients in French Guiana, a
Multivariate Environmental Similarity Surface (MESS; Elith et al. 2010) was
computed using the climatic and topographic layers described above with the R
package dismo (Hijmans et al. 2010). The layers were used at 100 m resolution
when available for the analysis. The MESS analysis quantifies, for each pixel in
the study area, how similar its environmental conditions are to those observed
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Results

The final datasets presented here comprise occurrence and relative abundance
information for a total of 69,881 OTUs, representing 426,811,077 total sequenc-
ing reads before normalization, including 17,705 bacterial OTUs (29,159,807
reads), 19,865 eukaryotic OTUs (367,747,872 reads), 29,176 fungal OTUs
(13,300,250 reads), and 3,135 insect OTUs (16,603,148 reads). The datasets
were published to the Global Biodiversity Information Facility (GBIF) and are
accessible via unique Digital Object Identifiers (DOIs) for bacteria, fungi, eu-
karyotes, and insects (Calderén-Sanou et al. 20263, 2026b, 2026¢, 2026d).

At the scale of the study area, OTU accumulation curves showed different
degrees of saturation across genetic markers, with bacterial communities ap-
proaching an asymptote more closely than eukaryotes and fungi, while insect
OTUs remained far from saturation (Fig. 2).
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Figure 2. OTU accumulation curves for each genetic marker across the whole study area. Curves are based on 200
random permutations of sample order. Shaded areas represent the variability (95% confidence intervals) across permu-
tations. The horizontal dashed line indicates the asymptote estimated from the best-fitting accumulation model and is
interpreted as the estimate of the total regional OTU richness for each marker.
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Proportion

Proportion

Bacteria (16S)

Taxonomic assignment resolution varied across the four markers. For
Bacteria, 97.8% of OTUs were assigned to the class level, 91.2% to order,
100% to family, and 37.4% to genus. For Eukaryota, 81.9% were assigned to
class, 57.8% to order, 42.5% to family, and 75.7% to genus. For Fungi, 62.3%
were assigned to class, 45.8% to order, 36.2% to family, and 21.3% to genus.
For Insecta, 65.1% were assigned to order, 51.7% to family, and 25.3% to ge-
nus, with the remaining OTUs across all datasets classified only at higher
taxonomic ranks.

Overall, the dataset includes information for 3,624 genera, 1,073 families,
752 orders, 308 classes, and 145 phyla. Taxonomic composition for each
marker is summarized in Fig. 3. Bacterial communities were dominated by
Pseudomonadota, Acidobacteriota, and Actinomycetota in terms of read pro-
portions, while Pseudomonadota, Chloroflexota, and Planctomycetota con-
tained the highest numbers of OTUs. Eukaryotic communities were dominated
by fungi and animals (Metazoa) in read abundance, whereas in terms of OTU
richness, protists represented the largest proportion, followed by fungi and an-
imals. Within fungi, Agaricomycetes, Sordariomycetes, Eurotiomycetes, and
Dothideomycetes were the dominant classes in both proportion and OTU rich-
ness. Insects were dominated by Blattodea, which includes both cockroaches
and termites, followed by Hymenoptera, Coleoptera, and Diptera, in both rela-
tive abundance and OTU richness.
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Figure 3. Taxonomic composition based on the proportions of reads and OTUs (x-axis) for each marker across the study
area. Read abundances are based on scaled counts (see Materials and methods).
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Functional annotations were obtained for 51.1% of all 0TUs, corresponding to
85.1% of bacterial 0TUs, 77.7% of protists, 100% of animals, 35.3% of fungi, and
59.6% of insects (Fig. 3). Functional annotations across markers are summa-
rized in Fig. 4. Bacteria were dominated by oligotrophic taxa, followed by copi-
otrophic taxa. Protists were mainly composed of bacterivores or microbivores
feeding on undetermined microbial resources, followed by zooparasites. Fungi
were dominated by saprotrophs, followed by pathogenic and mycorrhizal fungi.
Animals were primarily detritivores, with additional groups showing mixed tro-
phic behaviors, the latter contributing the highest OTU richness, followed by pred-
ators. Insects were largely dominated by detritivores, followed by omnivores.

The MESS analysis showed that approximately 45% of the French Guiana
territory fell within the core environmental space represented by the sampling
points, mainly corresponding to the littoral and middle regions of French Guiana
(Fig. 5). Negative MESS values were predominantly observed in the southern
part of French Guiana and in certain coastal areas, including sites located close
to roads or navigable rivers (e.g., along the Maroni River).

Discussion

The functional composition recovered in this dataset provides a comprehen-
sive snapshot of the diverse trophic guilds driving ecosystem functioning in
Neotropical soils, largely confirming the expected functional profile of these
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Figure 4. Functional composition based on the proportions of reads and OTUs for each marker across the study area.
For the eukaryotic marker, functional annotations were performed only for metazoans and protists, which are presented
in separate panels. Functional categories assigned to multiple functions were grouped under the label “mixed.” Read
abundances are based on scaled counts (see Materials and methods).
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Figure 5. Multivariate Environmental Similarity Surface (MESS) map showing the environmental representativeness of
sampling sites across French Guiana at 100 m resolution and a histogram showing the frequency of values. Positive
values (green) indicate areas within the environmental space covered by the sampled sites, and negative values (purple)
indicate areas with environmental conditions outside the range observed in the sampled sites. Values around zero (gray)
mark the boundary between sampled and unsampled environmental conditions. Black dots represent the sampling sites.
The analysis was generated using only topographic and climatic variables.

soil communities. For instance, the strong prevalence of oligotrophic over copi-
otrophic bacteria aligns with the characteristics of typical, often nutrient-limited
tropical soils (Gao and Wu 2018). Similarly, the fungal trophic structure, driven
predominantly by saprotrophs and pathogens, corroborates established function-
al baselines for tropical soils, where the relative richness of mycorrhizal fungi is
typically lower than in temperate regions (Mikryukov et al. 2023). At higher trophic
levels, the prominent representation of detritivorous groups, notably termites,
alongside diverse omnivores and predators, accurately mirrors the functional dis-
tribution expected in tropical ecosystems (Hedénec et al. 2022). Interestingly, the
protist assemblages present a notable divergence from some regional literature;
while the observed high proportion of microbivores is consistent with global soil
community patterns (Singer et al. 2021), it contrasts with previous Neotropical
forest studies that reported a high dominance of parasitic taxa (Mahé et al.
2017). This divergence might indicate potential localized environmental drivers
characteristic of the region or variations in animal populations affecting the abun-
dance of parasitic groups. Finally, because this dataset offers a single snapshot
representation across all biological groups, tracking future temporal trends will
be essential to provide a more complete picture of these soil communities.

Only a fraction of the recovered OTUs could be functionally assigned, with
success rates varying across taxa. The proportion of functional assignments
should not be interpreted as reflecting the actual state of functional knowl-
edge for each group, but rather as the combined outcome of available refer-
ence databases, taxonomic resolution, and the annotation strategies applied.
For instance, the complete functional coverage observed for animals results
from the use of broad functional generalizations at higher taxonomic levels,
as commonly applied for soil fauna (Potapov et al. 2022; Brown et al. 2024),
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rather than from exhaustive species-level knowledge. The high proportion of
OTUs assigned to mixed functional groups primarily reflects limited taxonomic
resolution, which leads to functional generalizations across higher taxonomic
levels encompassing taxa with contrasting feeding preferences. In some cas-
es, however, true functional diversity can occur at lower taxonomic levels, such
as within genera (Promputtha et al. 2007). Similarly, a substantial proportion of
insect OTUs were classified as omnivores, a category that may represent gen-
uine trophic breadth but can also reflect limited knowledge of species-specific
feeding preferences. In contrast, some fungal OTUs could not be functionally
annotated because assignments rely on finer taxonomic resolution (e.g., genus
level; PGlme et al. 2020) that was not reached for a large proportion of OTUs.

Improving functional and trophic assignments across the complex spectrum
of soil biodiversity requires a coordinated, multifaceted effort from the eco-
logical community. On one hand, there is a critical need to harmonize concep-
tual and vocabulary differences regarding the feeding behaviors of different
taxa, bridging traditionally isolated frameworks through collaborative initiatives
such as shared soil trophic ontologies (Hedde et al. 2022; Le Guillarme et al.
2023). On the other hand, this conceptual alignment must be paired with in-
creased empirical research targeting the actual functional roles of these or-
ganisms. Leveraging advanced methodologies, such as stable isotope analysis
(Potapov et al. 2019), diet-based eDNA metabarcoding (Roslin and Majaneva
2016), and the explicit coupling of traits with ecological functions (Bonfanti et
al. 2025), is essential to resolve these feeding preferences, particularly to fill
severe knowledge gaps in tropical regions relative to well-studied temperate
ecosystems. Finally, these cumulative insights must be consolidated into cen-
tralized, open-access databases (e.g., Russell et al. 2024) and integrated into
automated pipelines (Le Guillarme and Thuiller 2023). By pairing standardized
ecological concepts with user-friendly tools, the scientific community will be
able to seamlessly link high-throughput eDNA datasets directly to functional
annotations, ultimately allowing automated assignments.

Furthermore, it is important to note that taxonomic assignments are con-
strained by the substantial incompleteness of DNA reference databases for
Neotropical soil biota (Vasar et al. 2023). For instance, many soil arthropod taxa
remain poorly represented in reference databases (Recuero et al. 2024), and this
limitation is even more pronounced for markers commonly used in eDNA studies
(e.g., 16S or 18S) compared to universal barcodes such as COI (Leandro et al.
2024), resulting in low rates of assignment at fine taxonomic levels. This high-
lights a major methodological trade-off for insect monitoring: while the standard
COl barcode offers superior species-level resolution and significantly better da-
tabase referencing, it is highly prone to primer amplification biases and massive
off-target amplification of non-target organisms, such as bacteria, plants, and
fungi, in complex environmental extracts (Deagle et al. 2014; Zinger et al. 2025).
Conversely, mitochondrial 16S rRNA markers utilize highly conserved primer re-
gions that prevent off-target noise and guarantee reliable, specific insect DNA
amplification from soil matrices, although they inherently sacrifice some fine-
scale taxonomic discrimination (Elbrecht et al. 2016). To address these limita-
tions in future studies, substantial efforts must be directed toward generating lo-
cal barcode reference libraries for multiple barcodes (e.g., sequencing vouchered
museum specimens of Neotropical soil fauna).
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Finally, interpreting taxonomic and functional diversity patterns at a re-
gional scale requires acknowledging sampling coverage and spatial biases.
Undocumented diversity is reflected in the accumulation curves, which show
different degrees of saturation across genetic markers. This gradient reflects
differences in marker resolution and the diversity captured by each marker,
with high-resolution markers targeting diverse groups such as insects and fun-
gi showing slower accumulation. While the dataset provides a robust baseline
for soil diversity, the lack of saturation for specific taxa indicates that additional
sampling would be required to more fully characterize the different components
of soil biodiversity in the region. Furthermore, environmental conditions that
were not fully covered by the sampling points were predominantly observed in
the most remote and difficult-to-access forests (MESS analysis), which feature
unique climatic, floristic, and geomorphological conditions (Guitet et al. 2015).
While the current dataset covers a substantial portion of the environmental
conditions in the study area, given the access constraints typical of Amazonian
forests (Carvalho et al. 2023), this coverage is likely optimistic, as it is based on
a limited set of climatic and topographic variables. Other sources of environ-
mental and biological heterogeneity, such as soil physicochemical properties,
and spatial processes, including barriers to gene flow, are not accounted for.
Consequently, despite the unprecedented sampling effort represented by this
dataset, a considerable fraction of the ecological and evolutionary diversity of
these largely inaccessible soils likely remains undocumented.

Beyond providing a baseline inventory, the GUYASOILeDNA dataset identi-
fies clear priorities for future research, including expanded spatial sampling,
improved reference databases, and the development of functional frameworks
to better understand the roles of soil organisms in tropical ecosystems. By
establishing a modern, standardized ecological baseline, this dataset lays the
groundwork for identifying the main drivers structuring soil communities in the
tropics and can support the early detection of soil degradation and biodiver-
sity loss in the face of global change. This dataset is expected to be valuable
for meta-analyses, exploring soil taxonomic and functional diversity in relation
to environmental factors, studying spatial associations among soil groups,
and informing protected area management, among other applications. While
the data support robust cross-habitat and regional comparisons, researchers
should explicitly account for variations in PCR replication when contrasting
forest and non-forest soils.
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