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Supplementary Methods: Long-reads amplicon sequencing for fungi identification

Since many fungal ASVs from short-read (Illumina) remain without precise affiliation beyond
the kingdom level, a subsequent long-read amplicon sequencing procedure was performed.
Long rRNA gene amplicons spanning from the SSU-V4 region to the LSU-D9 region were
generated using the primers EUK575F ! and 21Rngs 2 and sequenced on a PacBio Sequel I
instrument (Pacific Biosciences, Menlo Park, CA, USA). PacBio reads were processed using
the NextITS pipeline v1.0.0 3. Briefly, libraries were demultiplexed with LIMA v2.12.0 (Pacific
Biosciences) using dual asymmetric indices, adapters and primers were trimmed with cutadapt
v5.0 4, and reads lacking both primer sites were discarded. Full-length ITS regions were
extracted with ITSx v1.1.3 °, and sequences <250 bp, with >0.6 expected errors per 100 bp, or
containing homopolymers >25 nt were removed. Chimeras were filtered in two steps: de novo
UCHIME screening in VSEARCH v2.29.4 8, followed by reference-based verification against
EUKARYOME v1.9.4 7, removing any sequence flagged in either step. The remaining reads
were clustered at 98% pairwise identity with VSEARCH to define OTUs based on the full-
length ITS. For each OTU representative, the SSU and LSU segments of rRNA were retrieved,
and all rRNA parts were taxonomically annotated against the EUKARYOME database.

All long reads comprising each OTU (i.e., noted as LR (quality-filtered PacBio CCS members))
were used for matching to the Illumina short read ASVs (noted as SR). In brief, the rDNA SSU
was extracted from LR sequences using ITSx. The sequences were then trimmed at the 3” end
with cutadapt v4.2 4 using the parameters -a TYRATCAAGAACGAAAGT";min_overlap=18" --
action retain -e 0.2 --discard-untrimmed. This trimming step was designed to detect the reverse
primer used in the short read (SR) amplicon sequencing procedure within LR sequences with a
maximum error rate of 0.2 (i.e., allowing mismatch and therefore preventing primer biases) and
to remove bases downstream of the primer; sequences without the primer were discarded. Since
both forward primers used for LR and SR amplicon sequencing procedures have the same
location in the V4 region, the resulting trimmed LR sequences align with the region previously
sequenced (i.e., SR dataset). Trimmed LR sequences and SR-derived ASVs were aligned with
VSEARCH v2.18.0 ® using the parameters --allpairs_global --id 0.8 --query cov 0.8 --
target_cov 0.8 in order to produce a blast-format file summarising sequence pairs that were at
least 80% identical over 80% of their length. The resulting file, along with taxonomic
affiliations for SR derived ASVs and LR sequences, was processed in R with the igraph package
v2.0.3 & to build a sequence similarity network composed of connected components (CCs)
gathering sequences with an identity score of at least 97% over at least 200 bp. Only CCs
clustering at least one SR-derived ASVs detected differentially abundant in the sedimentary
Unit | and affiliated to Unassigned Fungi, and at least one LR sequences were studied.



Supplementary Discussion:
SedaDNA study in a tropical ecosystem

This study represents the first application of marine sedaDNA in New Caledonia and one of the
earliest in a tropical/subtropical region. As expected, both DNA concentration and ASV
richness declined with depth due to degradation (Fig. 2-S7), primarily affecting extracellular
DNA %10 Nevertheless, ASVs were recovered across all sediment depths, likely facilitated by
the fine-grained size of the sediments and the presence of resting stages, both of which enhance
DNA preservation 1. Because amplicon sequencing does not allow direct assessment of DNA
degradation rates with depth, an advantage of shotgun sequencing ?, further research is needed
to compare the benefits and biases of both approaches in tropical marine environments, where
sedaDNA studies remain scarce. In this study, we selected amplicon sequencing to specifically
investigate changes in the microeukaryotic community following mining impacts. The temporal
scope of our analysis, extending back only to the onset of mining in the 1800s, limited the risk
of severe degradation and allowed robust taxonomic annotation using a relatively long marker
(18S-V4, ~400 bp). For longer timeframes, shotgun sequencing or shorter markers, commonly
recommended in ancient DNA research, would be more appropriate 13,

Resting stage subcommunity

Because DNA degradation complicates the separation of taphonomic signals from ecological
ones, we focused on taxa capable of forming resting stages, which accounted for 47% of
sequences in the rarefied dataset (Fig. 3). A key limitation, common in many eDNA studies
(e.g., Ramond et al. 2019), was insufficient taxonomic resolution: on average, 26 + 9.2% of
ASVs per sample remained classified as unassigned Eukaryota. This lack of resolution is likely
exacerbated by the limited representation of Pacific archipelago taxa in reference databases
compared to regions such as the North Atlantic. Consequently, the proportion of resting-stage
taxa in our dataset was probably underestimated, in contrast to studies in coastal sediments
where they appear dominant 1>16,

The resting-stage community was dominated by Apicomplexa, followed by Fungi, Cercozoa,
Chlorophyta, and Dinoflagellata (Fig. 3D). Although the high relative abundance of
Apicomplexa may be partly inflated, since all ASVs from this phylum with resting stages were
annotated, this pattern is consistent with both marine 6 and terrestrial studies *”. Their presence
throughout the core, including deep sediments, supports their persistence over long timescales.
Apicomplexa are widespread parasites infecting hosts from both marine and terrestrial
ecosystems 1718, Dominant genera included Rhodocystis spp., parasites of marine annelids *°,
as well as terrestrial parasites such as Gregarina blattarum, which infects cockroaches %, and
Leidyana erratica, which infects crickets 2. While some misidentifications remain possible 22,
the detection of terrestrial parasites distant from their hosts could plausibly result from their
natural occurrence in the watershed and leaching of terrestrial material carrying their cysts.



Supplementary Figure 1: Identification of sedimentary units associated with the period of
the mine activity. (A) Profiles of dry bulk density (DBD), 22Th, 21°Pb, K and 13'Cs with depth
in the sediment core. 21%Phxs, 222Th and *’Cs activities are given with their determination error
based on statistical errors (number of counts in the peak of each measured radionuclide). The
yellow area represents the estimated limit of detection. The 2°Phys values plotted with solid
circles were used in (B) the modelling of sediment dating. Red points correspond to the
constraints applied to the model, based on the ages measured with **C (triangle) and 2°Pb
(round) methods. The black dots represent the mean value, while grey dots represent the
minimum and maximum estimated date, used to assess an error rate, and precise for each date
along the manuscript. (C) Sedimentary unit identification was performed by clustering samples
based on their concentrations (mg kg-1) of Ni and Al, separating the core into five units. The
figure shows the threshold of concentration highlighted by the model and the repartition of the
sample along the core which were used to establish the different period defined as sedimentary
units.
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Supplementary Figure 2: Spearman correlation between 20 trace metal concentrations
measured in the core sediment. Only correlations showing p-value < 0.05 are shown. Non-
significant correlations are indicated by white boxes. Two main groups appear to support the
choice of Ni and Al as representative metals, with many others. Al is positively correlated by
Li, Ag, Sn, Pb, V, As, Ba, Sh, Hg, Cu, and U, with a mean correlation of 0.79 + 0.22, min =
0.36 (Hg) and max = 0.97 (Li and Ba). Ni is positively correlated with Zn, Cr, Mo, Cd, Mn, Fe,
and Co, with a mean correlation of 0.90 = 0.10, min =0.71 (Zn) and max = 0.99 (Co).
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Supplementary Figure 3: Comparison of multivariate and bivariate PCA of sediment
trace metals. Each point represents an individual sample. Colours indicate the sedimentary
unit (Unit I-V), and the shaded areas along the axes represent the distribution of samples
along each principal component (marginal densities). The first two components (PC1 and
PC2) explain the percentages of variance indicated on the axes. Pairwise dissimilarity
between samples was quantified using the Euclidean distance. These analyses illustrate that
the bivariate AI-Ni PCA retains the major patterns of sample clustering and dispersion
observed in the full PCA, supporting the selection of Al and Ni as key indicators of metallic

composition in the sediment core.
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Supplementary Figure 4: Concentration of POC and TN along the core. Particulate
Organic Carbon (POC) and Total Nitrogen (TN) were measured at high frequency along the
core depth, exhibiting temporal variability. Sedimentary units are represented with the grey
dotted line. A gap in the profile around 140 cm reflects missing samples due to technical issues.
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Supplementary Figure 5: Mg/Ca ratios in Ammonia sp. and reconstructed sea surface
temperature (SST) along the sediment core. Mg/Ca ratios were measured on Ammonia sp.
tests (average of 5 specimens per sample) to track past sea surface temperatures. Ratios reflect
tropical conditions (Mg/Ca ~70 mmol mol™) and were converted to SST using the calibration
for Baculogypsina sphaerulata. Values indicate tropical conditions, with reconstructed
temperatures ranging from 16 to 27°C (mean = 22°C). A linear regression has been added to
each profile to highlight temporal trends.
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Supplementary Figure 6: Quantity and taxonomic composition of reads of Metazoa (at
class level) and Streptophyta (at Genus level) removed from the raw dataset along the
core. Black color represent ASV that could not be assigned at high precision, being metazoans
or plants.
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Supplementary Figure 7: Occurrence of foraminiferal genera along the core. Presence
(dark box) and absence (light grey box) of the 25 foraminiferal genera identified along the
sediment core (depth in cm). Genera are ordered based on the similarity of their distribution
patterns along the sediment core, highlighting co-occurrence and turnover across sedimentary
units. Bold genera are those showing non-random distribution presented in the main Fig. 5.
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Supplementary Figure 8: Sequence similarity network. This network is generated from
pairwise alignments of V4 short-read-derived ASVs (SR) initially affiliated with Unassigned
Fungi (i.e., N=656) and V4 regions extracted from long-read sequences (LR). Each SR and LR
are represented by a point and clustered based on their identity within Connected Components
(CCs). Clustering enabled the refinement of taxonomic affiliation by leveraging sequence
similarity thresholds. Each CC is identified by a number and characterised by the abundance in
sedimentary unit | of its SR-derived ASVs. They are graphically represented with the “fr”
layout, using ggraph (v2.2.1) and tydigraph (v1.3.1) R packages (Pedersen, 2022,2023,

available at  https://ggraph.data-maginist.com, https://github.com/thomasp85/ggraph, and
https://tidygraph.data-imaginist.com, https://github.com/thomasp85/tidygraph respectively).
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Supplementary Figure 9: Presence of four genera or species considered harmful. Their
relative abundance of reads (among the all microeukaryote community) is represented along
the core depth..
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Supplementary Figure 10: Photography of the agent performing the DNA extraction in
the controlled atmosphere laboratory (Credit: Hugues Lemonnier).
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Supplementary Figure 11: Profile of DNA concentration along the sediment core. (A)
DNA concentration as a function of sample depth along the core, and in relation to (B) clay
proportion of the sediment and (C) ASV number of the raw dataset in the different sedimentary
units.
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Supplementary Figure 12: ASV richness as a function of sequencing depth for each
sample after bioinformatics processing in the raw dataset. The dotted line indicates the
rarefaction threshold of 40,000 reads per sample. Sample IDs beginning with “A,” “B,” or “C”
correspond to sediment core samples (see Table S4 for sample depth and sedimentary unit),
while IDs starting with “Blc.” represent blank controls.
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Supplementary Figure 13: Diversity analyses on the rarefied dataset, similar to Figure 2.
(A) Microeukaryotic ASV richness (within-sample diversity). Grey shading shows observed
richness for each sample, black dots indicate the mean richness per sedimentary unit, and error
bars represent the standard deviation of the corrected mean richness. (B) Podani’s indices
(community structure changes). Three components are displayed: richness difference (blue; net
change in ASV number), replacement (green; ASV turnover), and Jaccard dissimilarity (grey;
overall compositional change). Each sample is compared with the two preceding samples to
highlight short-term temporal shifts and periods of increased compositional variability. Grey
dotted lines mark the boundaries of sedimentary units.
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Supplementary Table 1: Table of age measurements. Age measures on different samples
were used to constrain the model based on C and 2°Pb methods, with the estimated SAR
(sedimentation accumulation rate).

Sedimentary Depth Age (yr Cal AD)
unit M) [Type min max mean AR D
I 2.5 210pp 2022.4
I 95 | #0pp 2013.6 0.795
I 135 | 2%p 2005.0 0.465
| 30.5 | ?%Pb 1993.2 1.441
I 94 4c 1957 1960 1959.0 1.857
Il 100.5 | #%np 1945.8 0.492
Il 116.5 | 2°Pp 1930.0 1.013
v 168 4c 1474 1777 1614.0 0.163
\Y 218 4c 1029 1292 1162.0 0.111
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Supplementary Table 2: Genera showing relative abundance changes along the sediment
core. The number of genera displaying changes in relative abundance between consecutive
sedimentary units is shown for the 183 genera present in at least four samples. Genera with
statistically significant changes (adjusted p < 0.1, Wilcoxon test) are indicated with an asterisk.

1V vs I 11 vs 1l 1 vs |
_ Nb of genera 61 (0%) 71 (4%) 73 (2%)
Decline
Percentage 33 (0%) 39 (2.2%) 40 (1%)
Nb genera 81 (1%) 78 (0%) 110 (2*)
Increase
Percentage 44 (0.5%) 42 (0%) 60 (1.8%)
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Supplementary Table 3: Contribution of each element (%) to the identified sediment
sources. Two sources were distinguished (Ultramafic and Volcano-sedimentary), consistent
with the known geology of the Thio watershed (see Fig. 6). Contributions were estimated using
the PMF 5.0 model based on 20 measured metal concentrations and all grain size fractions.

Element Ultramafic se\(giorlncsnntg-ry
Li 7.6 92.4
Al 16.8 83.2
\% 31.0 69.0
Cr 56.8 43.2
Mn 74.9 25.1
Fe 63.1 36.9
Co 75.9 24.1
Ni 81.2 18.8
Cu 294 70.6
Zn 56.1 43.9
As 16.9 83.1
Mo 64.6 354
Ag 13.7 86.3
Cd 66.1 33.9
Sn 14.7 85.3
Sh 16.1 83.9
Ba 11.9 88.1
Pb 16.4 83.6
U 143 85.7
Hg 33.1 66.9
Clay (0-3.9um) 50.1 49.9
Very fine silt_(3.9-7.8um) 42.0 58.0
Fine silt (7.8-15.6um) 38.5 61.5
Medium silt (15.6-31.0um) 28.6 71.4
Coarse silt (31-63um) 16.5 83.5
Very fine sand (63-125um) 6.1 93.9
Fine sand (125-250um) 2.5 97.5
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Medium sand (250-500um) 3.6 96.4
Coarse sand (500-1000um) 36.4 63.6
Very coarse sand (1000-2000um) 91.5 8.5
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Supplementary Table 4: Initial sample name associated with the sediment depth and the
sedimentary unit. A, B, or C corresponds to the core section from after sampling, and the
number corresponds to the sediment depth within this section.

Sedimentary

Sample_ID |Depth (cm) | unit
A01 1 I
A03 3 I
A05 5 I
A06 6 I
A08 8 I
Al0 10 I
Al2 12 I
Al4 14 I
Al6 16 I
Al8 18 I
A20 20 I
A22 22 I
A24 24 I
A26 26 |
A28 28 |
A30 30 I
A32 32 I
A34 34 |
A36 36 I
A38 38 I
A42 42 |
A46 46 I
A50 50 I
A54 54 I
A60 60 I
Ab4 64 I
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AG8 68 I

B02 70 I

BO4 72 I

BO8 76 I

B16 84 I

B20 88 I

B22 90 I

B24 92 I

B26 94 "
B28 96 Il
B30 98 Il
B32 100 1"
B34 102 "
B36 104 "
B38 106 1"
B42 110 1"
B46 114 "
B52 120 "
B56 124 "
B60 128 "
B64 132 "
B68 136 "
B72 140 v
B76 144 v
B78 146 v
B80 148 v
B84 152 v
CO06 160 v
C10 164 v
C14 168 v
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