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Abstract 

The functioning of various aquatic ecosystems is greatly influenced by the composition of their microbial communities. How- 
ever, the pr ok aryotic and euk aryotic or ganisms pr esent in the micr obiome r emain to be charac teriz ed in the w a t ers of var- 
ious tr opic al islands. Her e, we used DNA me tabar coding to assess differ ences in the richness and abundance of pr ok aryotic 
and eukaryotic microbial communities in coastal, mangro v e, and urban surface wa t ers in Guadeloupe (French West Indies). 
We found that turno v er was an important driving f or ce in these three compartments, and that the urb an comp artment was 
the most div er se. We identified 119 pr ok aryotic and 80 euk ary otic OTU s with differ ential abundance be tween these thr ee 

compartment s. Furthermor e, func tional pr edic tions r evealed the importance o f photo synthe tic or ganisms (including Bacil- 
lariophy ceae, Chrysophy ceae, Chlorophy ce ae, and Cyanob acteria) in the three compartments, and an enrichment of urban 

wa t ers in chemohet ero trophic prokaryo tes and eukaryo tic consumers. Inter estingly, we de tec ted several putative harmful al- 
gal bloom taxa that had not yet been reported in Guadeloupe. B y ca t aloging the t ax a r estric t ed t o particular wa t er bodies, this 
inventory will facilitate analyses of the long-term effec t s of urbanization and industrialization on the evolution of microbial 
assemblages in Guadeloupe. 

Keywords eDNA, biomonitoring, biodiversity, community assembly, surface wa t ers 
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Intr oduc tion 

The r e gion encomp assing the Caribbe an Se a and the Gulf of Mex - 
ico is a ho tspo t of marine biodiv er sity, that is home to various en- 
demic species, belonging to Teleostei and Mollusca (Gastropoda 
and Bivalvia) in particular (Miloslavich et al. 2010 , Costello et al. 
2017 ). Ho w ev er, Caribbean countries are facing major challenges 
such as urb aniza tion and clima t e chang es, tha t can have various 
impac t s on water quality (Cashman et al. 2010 ). Both fresh and ma- 
rine wa t ers ar e affec ted bec ause a lar ge pr oportion of w astew a- 
ter remains untre a t ed. Moreo v er, the demand for wa t er is increas- 
ing and there are problems rela t ed t o wa t er supply and sanita- 
tion (Cashman 2014 , Fonsec a-Salazar e t al. 2016 , Tosic et al. 2018 , 
Gheuens et al. 2019 ) that are often due to low gr oundw ater vol- 
umes. Lastly, environment al changes c ontribute to the emergence 
and outbreaks of new wa t erborne p a thog ens and the dispersal of 
antibiotic -resis tant b act eria with potential c onsequenc es for hu- 
man health (E dw ar ds e t al. 2017 , Bastaraud et al. 2020 ). Studies 
describing and monitoring microbial div er sity and species compo- 
sition ar e ther ef or e essential f or the assessment of wa t er quality 
(Azis et al. 2018 ), evaluations of rest ora tion effort s, and to addr ess 

the impact of anthropog enic fact ors on species diversity (Morin
and McGr ady-S teed 2004 ). 

The aquatic div er sity of b act eria and pr otist s in the Caribbean
r e gion have been described, at various sc ales fr om ecor e gion to
single island, in marine wa t ers (Miloslavich et al. 2010 , Edgcomb et
al. 2011 , Miloslavich et al. 2011 ), fr eshw a t er envir onment s (Cr oss
et al. 2023 ), or along the fresh-marine wa t er continuum (Camp-
bell et al. 2015 ), but urban wa t er s remain o v erlooked. Due to
inadequa t e sewag e tre a tment or the presence of domestic ani-
mals in the wa t er shed, the microbial div er sity of Caribbean c oast al
wa t ers are also imp act ed by microbial c ont amination (Mukher-
jee et al. 2016 , Badilla-Aguilar and Mor a-Alvar ado 2019 , Serville-
Tertullien et al. 2022 , (Ba tant ou Mab andza et al. 2024 )). Another
puta tive he alth c onc ern due t o aqua tic micr o-or ganisms in the
Caribbean zone is the increase in the frequency and geographic
extent of harmful algal blooms (HABs), and mor e specific ally of
cigua t era fish poisoning (CFP) (Cuellar-Martinez et al. 2018 , Sune-
sen et al. 2021 , Seymour and McLellan 2025 ). Finally, the recent
incr ease in Sar gassum influx into this z one may also bring new
p a thog ens or ex o tic microbial taxa to Caribbean coasts (Hervé et
al. 2021 , Cox et al. 2025 ). Ther ef or e, ther e is a need to catalog both
Received: 19 July 2025. Revised: 20 March 2026. Ac c epted: 20 March 2026 

© The Author(s) 2026. Published by Oxf or d University Press on behalf of FEMS. This is an Open Ac c ess article distributed under the terms of the Creative Commons Attribution License 

( https://cre a tivec ommons.org/lic enses/by/4.0/ ), which permits unrestricted reuse, distribution, and reproduction in any medium, provided the original work is properly cited. 

https://doi.org/10.1093/femsec/fiag031
https://orcid.org/0000-0002-3495-561X
https://orcid.org/0009-0008-3783-0311
https://orcid.org/0000-0002-2609-4979
https://orcid.org/0000-0002-9914-4252
mailto:pascal.lopez@cnrs.fr
https://creativecommons.org/licenses/by/4.0/


2 FEMS Microbiology Ecology , 2026, Volume 102, Issue 4 

p
t
e
(

t
g
(
a
c
i
t
e
(
l
d
t
o
d

p
l
v
p
i
L
t
2
b
s
W
t
r
l
a
e
t
n
v
p

M

S

T
t
s
k
s
i
M
a
F
e
l
a
a
a

r ok aryotic and eukaryotic diversity across aquatic ecosystems in 

he Caribbean r e gion (Valster et al. 2011 , Laas et al. 2021 , Härer 
t al. 2022 ) in order to develop relevant biomonitoring stra t egies 
Michán et al. 2021 ). 

Na tional ag encies and Unit ed Na tions expert s have r evealed 

hat the Guadeloupe archipelago (F rench Wes t Indies) is facing ur- 
ent and important issues relating to water quality and availability 
i.e. wa t er scarcity, problem of sewage tre a tment, and industrial 
nd agricultural pollution). Environmental DNA (eDNA) metabar- 
oding approaches have therefore been used t o investiga t e in var- 
ous Guadeloupean water bodies the microbial div er sity of dis- 
inct taxonomic groups, such as b act eria from mangro v es (Halary 
 t al. 2024 , Jamon-Haon e t al. 2025 ), riv er s and marine wa t ers 
Guy omard-R abenirina et al. 2017 , Mabandza et al. 2024 ), free- 
iving amoebae (Delumeau et al. 2023 , Vingataramin et al. 2024 ), or 
inoflag ella t es in the c oast al wa t ers of both Guadeloupe and Mar- 

inique (Boisnoir et al. 2019 ). Ho w ev er, data about both pr ok ary- 
 tic and eukaryo tic communities must be collect ed t og ether t o un- 
erstand microbial assembly processes. 

The objective of this study was to explore and compare the 
r ok aryotic and euk ary otic div er sity of surface wa t ers in Guade- 

oupe through an eDNA met abarc oding approach. We sampled 

arious bodies of wa t er from cities, suburbs, industrial areas, and 

r otec ted ar eas ar ound Pointe-à-Pitr e. This ar e a is of p articular 
nterest in the context of the Human-Environment Obser vator y 
ittor al Car aïbe, which analy zes the c onsequenc es of anthropiza- 
ion for the socio-ecological system (Chenorkian 2024 , Hervé et al. 
024 ). We collected 123 samples from marine, mangro v e, and ur- 
 an surface wa t ers, and perf ormed a me tabar coding survey to as- 
ess the div er sity of the pr ok aryotic and euk aryotic communities. 
e hypothesized that due to anthropogenic activities, urban wa- 

ers will harbor more microbial div er sity than mangro v e and ma- 
ine wa t ers. We also hypothesized tha t a t the scale of the Guade- 
oupe Island, c ert ain t ax a might be shar ed be tween the thr ee 
qua tic ecosyst ems. Lastly, we hypothesized that there are differ- 
nces in taxonomic and functional group composition between 

hese three ecosys tems. Finally, this s tudy also provides prelimi- 
ary DNA-based information that can be relevant for long-term in- 
estigations of microbial diversity including putative wa t erborne 
 a thog ens. 

a t erials and methods 

tudied area and sampling stra t egy 

he Guadeloupe archipelago consists of several islands. Two of 
he largest islands, the volcanic island Basse-Terre and the lime- 
tone island Grande-Terr e, ar e separated by a narrow channel 
nown as Rivière Salée. The sampling area for this study corre- 
ponded to the city of Pointe-à-Pitre and the surrounding munic- 
palities: Les Abymes and Le Gosier on Grande -Terre, and Baie - 

ahault, Pe tit-Bour g and Go yav e on Basse-Terr e. The study ar ea 
lso includes the third largest commercial and industrial zone in 

rance and its t errit ories (Jarry/Baie-Mahault), the chief port and 

conomic hub of Guadeloupe and the int erna tional airport ( Supp 

ementary Fig. S1 ). The sampling sites lay within a total sampling 
rea of 127.5 (km 

2 ), 60.2% marine and 39.8% terrestrial area, with 

 maximum north-south dist anc e between points of 23.55 km, and 

 maximum eas t-wes t dis t anc e be tween point s of 10.62 km. 

For mangro v e, surface wa t er s w er e collec ted along the Riv-
ière Salée and the Grand Cul-de-sac Marin (a prot ect ed marine
ar ea). This last ar ea corr esponds to the lar gest mangr o v e in the
Lesser Antilles. Samples from wa t er bodies bordering mangro v es
(10 samples) were considered to be mangro v e samples. We also
collec ted some w ater samples fr om inland mangr o v e f or est s (4
samples) ( Supplementary Fig. S2 ). The 44 marine samples were
from c oast al z ones in the Grand C ul-de-Sac Marin and the Pe tit C ul-
de-Sac Marin , with a typical dist anc e from the shoreline at low tide
of 1.1 km and a maximum dist anc e of 4.7 km. The marine sam-
ples also include one marina (Bas du Fort) and three small fish-
ing ports (9 samples) ( Supplementary Fig. S3 ). The urban waters
sampled wer e collec ted fr om open channels (33 samples), arti-
ficial ponds (4 samples), fountains (4 samples), str ee t gutters (6
samples), and episodic rain puddles (9 samples) ( Supplementar
y Fig. S4 ). These urban samples correspond to relatively stable (i.e.
drainag e dit ches, artificial ponds) or t emporary (i.e. str ee t gutters,
episodic rain puddles, city fountains) surface wa t ers. 

All the marine samples and most of the mangro v e wa t er sam-
ples wer e collec ted with a Niskin or Ruttner wa t er sampler (OSIL,
Germany, 1 l) at a depth of 1 or 2 m. If the wa t er column was
too short for sampling at this depth, samples wer e collec ted in
a Falcon tube lo w ered to a depth of about 20 cm. Urban sam-
ples from very shallow sites (i.e. f ountains, str ee t gutters, episodic
rain puddles) wer e collec ted by sucking the wa t er up int o a st er-
ile pipe tte. The collec ted samples were kept on ice and in the dark
until they arrived at the labora t ory (less than 2 h). The filtration
volume varies ac c ording to the kind of sample, but we usually
filtered until the 25 mm filters of 0.22 μm pores (Isopore, Milli-
por e) wer e sa tura t ed. F or urb an wa t er samples, this corresponds
to about 15 ml (from 5 to 50 ml), depending on the sample, and
for marine and mangro v e samples, to about 150 ml (from 100
t o 200 ml). Informa tion about the sampling sit es is provided in
Supplementary Table I . The filters were stored at −20 ◦C until pro-
cessing. 

The surface wa t ers analyzed in this study were collected in
Mar ch (be tween the 15 th and 20 th ) and July (from the 11 th to 16 th )
2017, corresponding to the so-called “dry” (45% of the samples)
and “wet” seasons (55% of the samples), respectiv ely. Notew or-
thy, Météo-Franc e dat a reve aled tha t cumula tiv e rain lev els in the
tw o periods w er e about the same, of the or der of 2.5 mm/day, and
tha t daily t empera tur es wer e also similar, at ∼26 ◦C and 28.5 ◦C, re-
spectively. 

DNA ex tr action and sequencing 

Envir onmental DNA w as ex tr ac ted fr om the filt ers with the DNe asy
Po w erBiofilm Kit (Qiagen), in ac c ordanc e with the manuf ac -
tur er’s r ec ommendations. Tot al DNA was then quantified with
Quant-it PicoGreen (Invitrogen, Thermo Fisher Scientific Carls-
bad, CA, USA) and a CFX96 Real-Time System, C1000 Touch
Thermal Cycler (Biorad, California, USA). DNA libraries were pre-
pared with univ er sal primer s targeting both prokaryotes and
eukaryotes. We amplified the V4-V5 region of the 16S rRNA
with the 16S-515F-Y (5 ′ -GTGYCAGCMGC C GC GGTAA-3 ′ ), and 16S-
926R (5 ′ -C C GY CAATT YMTTTR AGTTT-3 ′ ) primer s, which bind to
both b act erial and archae al sequences (Walt ers et al. 2016 ).
F or amplifica tion of the V4 r e gion of the 18S rRNA gene, we
used the TAReuk454FWD1 (5 ′ -C CAGCASCYGC GGTAATTC C-3 ′ ) and
TAR eukREV3 (5 ′ -A CTTT CGTT CTT G ATYR A-3 ′ ) (Stoeck et al. 2010 )
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primers. F or e ach sample, we duplica t ed the initial DNA amplifi- 
cation in a final volume of 25 μl in ac c ordanc e with the ins truc - 
tions supplied with the Taq Q5 Hot Start High Fidelity DNA Poly- 
merase (New England Biolabs). The PCR pr oduc t s wer e checked by 
elec tr ophor esis on agar ose g els, purified with Ag encourt AMPure 
XP be ads (Beckman Coult er), and quantified with a Qubit dsDNA 

HS assay kit (Thermo Fisher Scientific). We then quantified and 

pooled the technical replica t es by sample. We g enera t ed a single 
library per amplicon type (16S or 18S) by pooling equal amounts 
of all samples for the amplicon type concerned. These libraries 
wer e pr epar ed with 1 μg pooled DNA and the TruSeq Nano Library 
Prep ara tion Kit (Illumina). We follo w ed the manufacturer’s proto- 
c ol exc ept that we used a modified End-Repair mix to prevent the 
pr oduc tion of chimeric construc t s, and the libraries were not fi- 
nalized by a PCR cycle. The resulting libraries (16S or 18S) were 
quantified by qPCR and the paired-end (2 × 300 bp) sequencing 
w as perf ormed on a HiSeq 2500 by Fasteris SA (Plan-les-Ouates, 
Switzerland). 

Taxonomic profiling based on the 16S and 

18S rRNA gene amplicons 

The two amplicon sequences were analyzed independently with 

mothur softw ar e v er sion 1.39.5 (Schloss e t al. 2009 ), as pr eviously 
described (Hervé et al. 2021 ). Fir st, contigs betw een read pairs 
wer e assembled. Bar c ode and primer sequenc es and low-quality 
sequences were then remo v ed (minimum length of 330 bp and 

maximum length of 410 bp, with the removal of any sequence with 

ambiguous bases or with homopolymers longer than 8 bp). The se- 
quences were aligned with the SILV A S SU reference da tab ase v138 
(Quast et al. 2013 ) and preclustered (pre.cluster, diffs = 1). Sin- 
gle tons wer e excluded, and chimeras wer e r emo v ed with vsearch 

(R ognes e t al. 2016 ) implemented in mothur . Sequences were clas- 
sified with the naive Bayesian classifier (Wang et al. 2007 ) imple- 
mented in mothur with the SILVA r ef er enc e dat abase release 138 
and the PR2 da tab ase v er sion 4.12 (Guillou et al. 2013 ) for the 16S 

and 18S rRNA gene r eads, r espec tively. A fter classific ation, non- 
pr ok aryotic, chlor oplast, mitochondrial (f or the 16S rRNA gene 
datase t), non-euk aryotic (f or the 18S rRNA g ene da taset), and un- 
known (for both 16S and 18S rRNA amplic ons) sequenc es were ex- 
cluded. We ac c ounted f or differ ences in sampling effort by ran- 
domly sampling 20 968 and 28 616 sequences from the 16S and 

18S rRNA g ene da tase t s, r espec tively, fr om each sample with 

mothur . This gave a sequencing depth sufficient to cover most 
of the div er sity within each sample ( Supplementary Fig. S5 ). Fi- 
nally, operational taxonomic units (OTU s) w ere g enera t ed with the 
vsearch dist anc e-b ased greedy clust ering alg orithm, with an OTU 

defined at the 97% and 99% sequence similarity levels for 16S and 

18S rRNA g ene re ads, respectively. The raw sequence data have 
been deposited in the NCBI Sequence Read Archive under BioPro- 
ject PRJNA1285926. 

Div er sity and s t atis tical analyses 

Rar efac tion curves wer e g enera t ed with mothur. Sta tistical analy- 
ses were performed with R software v er sion 4.3.1. Data were ma- 
nipula t ed and visualized with the tidyverse collection of R pack- 
ages (Wickham et al. 2019 ). Alpha and gamma div er sities w ere 
measured by calculating Hill numbers (from q = 0 to q = 5) with 

the hilldiv p ackag e (Alberdi and Gilbert 2019 ). Kruskal–Wallis tests
follo w ed b y post-hoc Benjamini–Hochber g corr ec tion wer e used
t o evalua t e differ ences in micr obial richness. Beta div er sity was
visualized by principal coordina t e analyses (PCoA), constructed
fr om Bray–C urtis dist anc es calcula t ed with mothur (Schloss 2008 ).
Changes in microbial community structure w ere inv estiga t ed by
analysis of similarities (ANOSIM) implemented in mothur and by
non-p arametric permuta tional multivaria t e analysis of variance
(PERMANOV A) implement ed in the vegan function adonis (Oksa-
nen et al. 2015 ). We evalua t ed the rela tionship between sp a tial dis-
t anc e and microbial c ommunity c omposition by performing Man-
t el t ests with the ecodist p ackag e (Goslee and Urb an 2007 ), b ased
on Pearson correlations, with 10 6 permutations, using Bray–Curtis
dist anc es for the microbial communities and Euclidean distances
for the sp a tial ma trix. The p artitioning of beta div er sity was per-
formed with the betapart p ackag e and the Jaccard family index
(Baselga and Orme 2012 ). For the identification of OTUs with dif-
f er ential abundances be tw een ecosystems, w e used the LEfSe al-
g orithm implement ed in mothur , r e taining only OTUs with a loga-
rithmic LDA score > 3 and P < 0.05 (Segata et al. 2011 ). 

Func tional inf er ence of micr obial OTUs 

Several da tab ases tha t have classified aqua tic pr otist s by tr ophic
mode are available (Schneider et al. 2020 , Singer et al. 2021 ,
Mitra et al. 2023 ). We chose to use the classification proposed
by Singer et al., which assigns protists to three major trophic
modes: pho to trophic, parasitic and consumer s. Eukary otic taxa
wer e consider ed photosynthe tic if their cells wer e r eport ed t o
possess chlor oplast s (Decelle e t al. 2015 ). The OTUs considered
here to be pho to tr ophs corr esponded to Alveolata (Colpodellidea
and Dinoflag ella ta), Archaeplastida (all OTUs), Hacrobia (Hapto-
phyt a and Cryptophyt a), S tr amenopiles (Bacillariophyta, Bollido-
phy ceae, Chrysomerophy ceae, Chrysophy ceae, Dicty ophy ceae,
Eustima t ophyce ae, Pelag ophyce ae, Phaedophyce ae, Pinguilo-
phy ceae, R aphidophy ceae, and Xanthophy ceae), and Rhizaria
(Chlor ar achniophyceae). 

F or b act eria and archae a, pot ential func tion w as pr edic ted with
the Functional Annotation of Prokaryotic Taxa (FAPROTAX v1.2.6),
which was initially designed for marine samples (Louc a e t al. 2016 )
and has been shown to be useful for terres trial ecosys tems, and for
human and animal microbiomes (Sansupa et al. 2021 ). The pre-
dic ted func tional r oles wer e visualiz ed with the pheatmap R pack-
ag e, using Euclide an dist anc es and the c omple te link ag e clust er-
ing method. 

Putative harmful algal taxa 

The species implica t ed in harmful algal bloom (HAB) events
are listed in various da tab ases including the Harmful Algal
Event Da tab ase (HAEDAT), oce an biodiv er sity observ ation sys tem
(OBIS), and the IOC-UNESCO Taxonomic R ef er ence List of Harmful
Micro algae (IOC-UNESCO da tab ases; https://www.marinespecies. 
org/hab/ ). This IOC-UNESCO taxonomic r ef er ence list includes 31
dia t oms, 8 hapt ophyt es, 82 dinoflag ella t es, 7 raphidophyce ans, 3
dicty ochophy ce ans, 43 cyanob act eria, and 4 species assigned to a
gray list. We search our dataset for the presence of OTUs that could
be assigned, a t g enus level, t o puta tive HAB taxa list ed in the IOC-
UNESCO da tab ase ( Supplementary Table II ). 
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 esult s 

iv er sity pa tt erns of the microbial 

ommunities 

e analyzed 123 DNA samples from surface wa t er collect ed in 

angro v e ( n = 14), c oast al marine ( n = 53), and urban ( n = 56) 
nvir onment s ( Supplementary Fig. S1 ). After quality filtering and 

ubsampling steps, we obtained a total of 24,073 pr ok aryotic and 

2,864 eukaryotic OTUs. Rar efac tion curves showed that the com- 
unities were sufficiently well sampled for investigations of mi- 

robial div er sity p a tt erns in our samples ( Supplementary Fig. S5 ). 
Pr ok aryotic richness in urban areas w as signific antly higher 

han that in marine samples ( P < 0.001) but not than in man- 
ro v e samples (Fig. 1 A). For eukaryotes, marine samples were sig- 
ificantly richer than mangro v e and urban samples ( P < 0.001) 

Fig. 1 B). These analyses were refined by the calculation of Hill’s 
umber s. The alpha div er sity pr ofiles obtained r eve aled tha t, for 
r ok ary otes, the most div er se community was that of urban sur- 

ace wa t er s if all OTU s w er e consider ed equally (OTU richness, q = 

) whereas that of mangro v e wa t ers was the most div er se if the 
nalysis focused on the most dominant OTUs (dominant OTUs, 
 = 2 and abo v e) ( Supplementary Fig. S6 ). The alpha div er sity 
r ofiles of euk aryote communities also differ ed ac c ording to the 
cosystem and the div er sity or der consider ed. Richness w as high- 
st (q = 0) for the marine communities and lo w est for the urban 

ommunities ( Supplementary Fig. S6 ). If only the most dominant 
TU s w er e consider ed (q = 5), the mangr o v e communities had 

he lo w est lev els of div er sity. We f ound no differ ence in pr ok ary- 
tic richness between the seasons ( P = 0.50) whereas eukaryotic 
ichness was higher in the wet season than in the dry season ( P = 

.039). 
A princip al coordina t es analysis (PCoA) b ased on the Bray–

urtis dist anc es of the pr ok aryotic communities fr om the thr ee 
cosystems (i.e. mangro v e, marine, and urban surface waters) 
ho w ed no signific ant differ ences (PERMANO VA, R 

2 = 0.010, P = 

.199) between samples collected in the two seasons (Fig. 1 C–D). 
 or eukaryot es, se ason had a we ak but signific ant effec t on com- 
unity composition, as highlighted by the low proportion of the 

xplained variance (PERMANOVA, R 

2 = 0.018, P < 0.05). We did 

ot ther ef or e take se ason int o ac c ount in subsequent analyses. 
e found that the communities from marine, mangro v e, and ur- 

an samples differ ed signific antly f or both pr ok aryotes (ANOSIM, 
 = 0.70, P < 0.0001; PERMANOVA, R 

2 = 0.314, P < 0.001) and 

ukaryotes (ANOSIM, R = 0.72, P < 0.0001; PERMANOVA, R 

2 = 

.116, P < 0.001) (Fig. 1 C–D). A PCoA based on Jacc ar d distances 
ielded similar p a tt erns ( Supplementary Fig. S7 ). Furthermore, 

f we considered only urban environments, we found that sam- 
les t ended t o clust er ac c ording to their origin (i.e. open chan- 
el, fountain, artificial pond, s treet gut ter or episodic rain puddle) 

or both prokaryotic and eukaryotic communities ( Supplementar 
 Fig. S8 ). 

To find out if there was a dist anc e-decay rela tionship, we ex - 
mined the relationship between sp a tial dist anc e and the c om- 
osition of the microbial community. Considering all samples, 
e found no dist anc e-decay relationship for prokaryotic or eu- 
 aryotic communities acr oss ecosyst ems (Mant el t est, P > 0.05, 
upplementary Fig. S9 ). Ho w ev er, within ecosystems, a significant 
ist anc e-dec ay r elationship w as observed f or both pr ok aryotes 
nd eukaryotes in the mangro v e and marine ecosystems (Mantel 

test, P < 0.05) but not in the urban ecosystem ( Supplementary Fig
. S9 ). 

We further investiga t ed the differ ences in OTU composition be-
tween sites by studying beta diversity p a tt erns through analyses
of turno v er and nestedness components (Fig. 2 ). These analyses
reve aled tha t, for bo th prokaryo tes and eukaryotes, the Jaccard
dissimilarity index differ ed signific antly be tween the thr ee com-
partments ( P < 0.001) and that this index was highest in urban
envir onment s, f ollo w ed b y mangro v e and marine envir onment s.
Turno v er (i.e. OTU replacement) predominantly dro v e beta div er-
sity (median values for prokaryotes: 94.1%, 87.8%, and 96.8% for
mangro v e, marine, and urban wa t er s, respectiv ely; median val-
ues for eukaryotes: 96.4%, 96.0%, and 98.9% for mangro v e, ma-
rine, and urb an wa t ers, r espec tively). For both pr ok aryote and eu-
k aryote micr obial communities, turnover signific antly differ ed be-
tween the three environments ( P < 0.001). It was highest in urban
ar eas f ollo w ed b y mangro v e and marine envir onment s (Fig. 2 ). Fi-
nally, nestedness was found to make a minor contribution (Fig. 2 ).

The gamma div er sity pr ofile analysis r eve aled tha t the o v er-
all OTU div er sity was higher in urban surface wa t ers than in the
other two envir onment s, f or both pr ok aryotic and eukaryotic com-
munities ( Supplementary Fig. S10 ). Similar r esult s wer e obtained
with sample-b ased OTU accumula tion curves ( Supplementary Fig
. S11 ). These r esult s may partly r eflec t the div er sity of samples in
the urban environment, with some sites corresponding to perma-
nent and others to temporary waters. 

Taxonomic distribution between surface 

wa t ers 

In terms of OTU richness, pr ok ary ote communities w ere dom-
ina t ed by Prot eobact eria (ac c ounting for a mean 24.6% of the
OTU s), follo w ed b y Bact eroidot a (20.7%), Planct omycet ot a (9.9%),
and Firmicutes (6.1%) ( Supplementary Fig. S12 ). Ho w ev er, rela-
tive abundance analysis revealed a differ ent pattern, in which Pro-
t eobact eria were dominant (mean of 40.3%), follo w ed b y Bac-
t eroidot a (22.9%) and Cyanobacteria (21.8%) ( Supplementary Fig
. S12 ). Additional differ ences be tween compartment s wer e f ound,
with urban envir onment s signific antly enriched in Prot eobact e-
ria , Firmicutes , Acidobacteriota , and Verrucomicrobiota (Fig. 3 A).
Urb an wa t ers had the larg est numbers of specific OTUs (57.1%)
(Fig. 3 B). The lo w est perc ent age of distinct OTUs (4.3%) was found
in mangro v es, but this is likely due to the reduced sample size
(Fig. 3 B). Overall, 2,304 (9.6%) OTU s w er e f ound in a t le ast one
sample from each surface wa t er ca t eg ory. 

A comparison of eukaryotic communities sho w ed mor e pr o-
nounced differ ences in OTU composition between the three sur-
face wa t er envir onment s, particularly f or urban ar eas. In terms
of OTU richness, mangro v e and marine wa t er s w ere domina t ed
(mean of 32.0% within these two compartments) by mem-
bers of the superphylum Alveolata (with Dinoflagellata account-
ing for 83.8% and 80.5% of OTUs for marine and mangro v e
wa t er s, respectiv ely), follo w ed b y Opisthokonta (15.4%), S tr a-
menopiles (14.4%), and Hacrobia (8.9%) ( Supplementary Fig. S
13 ). Urb an wa t er s w ere domina t ed by Opisthokonta (22.2%),
follo w ed b y Alv eolata (14.4%), S tr amenopiles (15.8%), Archae-
plastidia (13.4%), and Rhizaria (10.0%) ( Supplementary Fig. S
13 ). In terms of relative abundance, the dominant groups in
mangro v es w ere S tr amenopiles (23.4%), Opisthokonta (23.0%),
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Figure 1 Alpha and beta div er sity. Alpha div er sity indices of surface wa t er microbial communities.(A) observed prokaryotic OTU richness and (B) 

obser ved eukar yotic OTU richness. To compare the alpha diversity indices between compartments, we used Krusk al–Wallis test followed by Dunn’s test 

with Benjamini–Hochberg adjustment. Principal coordina t e analyses (PCoA) of the microbial community composition based on Bray–Curtis dissimilarity 

matrices showing differ ences in community composition between surface wa t er samples. (C) Prokaryotic community, and (D) Eukaryotic community. 

The samples were collected during the dry and wet season. 
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Archaeplastida (22.5%), and Alveolata (17.8%). Marine wa t ers 
were domina t ed by Opisthokonta (35.8%), Alveolata (26.3%), and 

S tr amenopiles (13.8%). Urb an wa t er s w ere domina t ed b y Alv eo- 
lat a (25.2%), Opisthokont a (23.5%), Archaeplastida (17.9%), and 

S tr amenopiles (14.2%) ( Supplementary Fig. S13 ). Interestingly, in 

urb an wa t ers Olig ohymenophore a (Phylum Ciliophora) was the 
most abundant class, on average, among Alveolata (52.4%), but 
with an abundance that varied considerably between urban sam- 
ples (Fig. 3 C, Supplementary Fig. S13 ). An analysis of the rela- 
tive abundances of various eukaryotic clades revealed differ ences 
between the three comp artments, p articularly for Dinophyceae, 
Bacillariophyta, and Arthropoda (Fig. 3 C). The OTUs common to 

these c ompartments ac c ounted for only 2.1% of total richness 
(Fig. 3 D), demonstrating clear differ ences in the composition of 
eukaryotic communities between aqua tic comp artments. Again, 
the number of specific OTUs was highest in urban wa t ers (44.7%) 
(Fig. 3 D). 

Identification of environment-specific 

biomarkers 

LEfSe analysis sho w ed that 119 OTU s, corresponding to 10 
pr ok aryotic phyla, had signific antly differ ent abundances be- 
tween the thr ee compartment s (Fig. 4 A and Supplementary Tab 

le II ). These OTUs included 29 corresponding to order Flavobacte- 

riales for which a significant enrichment was observed in marine
(17 OTUs) and mangrove (9 OTUs) wa t ers, including members of
the NS2, NS4 and NS5 marine groups. Burkholderiales ( Proteobac-
teria ) was highly represented in urban envir onment s (17 OTUs), in-
cluding members of the Comamonadaceae family and genus C39.
We also found Cyanobacteria OTUs specific to each of the three
compartments. 

Differ ential abundance analysis also identified 80 eukaryotic
OTUs corresponding to eight Supergroups (PR2 Rank 2) (Fig. 4 B
and Supplementary Table II ). A significant enrichment in the order
Cr yptomonales (Cr ypt ophyce ae), the families Maxillopoda (Crus-
t ac ea), and polar c entric Mediophyc eae (Bacillariophyt a) was ob-
served in marine and mangro v e environments, whereas an en-
richment in unclassified Dinophyceae was observed in marine en-
vir onment s. An enrichment in Cryp tomyco tina (Fungi) was ob-
served only in urban envir onment s. We identified eight OTUs from
division Chlorophyta (PR2 Rank 3) displaying enrichment in the
mangro v e compartment. 

Putative functional roles of prokaryotic 

communities 

We investiga t ed the puta tive func tions of pr ok aryotes using
FAPROTAX. We identified 3,815 pr ok ary otic OTU s (15.8% of
the glob al da t aset, c orresponding to 39% of the total relative
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Figure 2 Beta div er sity partitioning of each surface-water environment. The values correspond to the Jaccard, nestedness and turno v er components 

f or(A) pr ok aryotes and (B) euk aryotes. Signific ance of the differ ences be tween the envir onment s w as t est ed with Krusk al–Wallis test f ollo w ed b y 

Wilco x on tests. 
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bundanc e) that c ould be functionally assigned to 61 functional 
roups with at least one r ecor d (not shown). The most div er se 
f these functional groups corresponded to chemoheterotrophy 

8.6% and 13.6% of o v er all O TU richness and abundance, respec- 
ively), pho to trophy (2.6% and 20.4%), fermentation (2.1% and 

.9%), and intracellular p arasit es (1.7% and 0.27%) (Fig. 5 ). These 
a ta demonstra t e the high abundanc e of primary produc ers in sur- 

ace wa t er s, especially in marine and mangro v e envir onment s. By 
ontrast, chemoher e totr ophs wer e mor e abundant in urban sur- 
ace wa t ers (Fig. 5 ). 

In total, 615 pr ok ary otic OTU s w ere classified as pho to trophs. 
lass Cyanobacteria (575 OTUs) was the most div er se group iden- 

ified, with some highly abundant OTUs. In marine wa t ers, the 
ost abundant Cyanobacteria OTU (Otu00001) was assigned to 

he genus Synechoc oc cus , ac c ounting for 31.4% of the total abun- 
ance in this compartment. This Synechoc oc cus- r elated OTU w as 
lso dominant in mangro v e samples (11.4% of the total abun- 
ance within this compartment), but accounted for only 0.06% 

f tot al abundanc e in urban samples. The two most abundant 
y anobacteria OTU s in urban waters (Otu00009 and Otu00004) 
ere assigned to the genus Cyanobium PCC-6307 (together these 

w o OTU s ac c ount ed for 4.11% of the t ot al abundanc e within this 
omp artment). In t o tal, 425 C y anobacteria OTU s w er e f ound only 

in this compartment, and only 25 OTU s w ere common to the other
compartments. Our findings show that the div er sity of photosyn-
thetic Cyanobacteria varies significantly between brackish, marine
and urban waters. 

Trophic s t atus of eukaryotic surf ace-wa t er 

communities 

Based on PR2 assignment, we were able to associate functional
groups with 60.7% of the eukaryotic OTUs from mangro v e, 52.6%
of those from marine environments, and 57.8% of those from ur-
ban envir onment s. Pho to tr ophs wer e the most abundant in all
thr ee envir onment s, and the consumer gr oup w as particularly
abundant in urban envir onment s (Fig. 6 ). We refined our analy-
sis by considering only the most abundant OTUs, defined here as
those with a relative abundance abo v e 1% in a t le ast one of the
thr ee compartment s. We identified 17 classes of abundant OTUs
with a single trophic status: five classes of Alveolata, six Archae-
plastidia, two S tr amenopiles, tw o Hacrobia, and tw o Rhizaria.
We found that Bacillariophyta were the most abundant pho-
totr ophic or ganisms (22.3%, 12.4%, and 7.8% of tot al abundanc e
in the mangro v e, marine, and urb an comp artment s, r espec tively).
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Figur e 3 Differ ence in the r elative abundances and shar ed OTUs in the thr ee envir onment s studied.(A) The bo xplo ts illustra t e the rela tive abundance of 

the 10 most abundant b act erial phyla in the three environmental comp artments. Ast erisk indica t es a significant difference between these compartments 

(Krusk al–Wallis, P < 0.05). (B) Venn diagram of the shared b act erial OTUs; the OTU number and the corresponding perc ent age are indica t ed. (C) The 

bo xplo ts illustra t e the rela tiv e abundance of the 10 most abundant eukary otic clades in the thr ee envir onment al c omp artments. Ast erisk indica t es a 

signific ant differ ence be tween these compartment s (Krusk al–Wallis, P < 0.05). (D) Venn diagram of the shar ed euk ary otic OTU s; the OTU number and the 

corr esponding per centage ar e indic a t ed. 
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Mamiellophy ceae display ed differ ential abundanc e, ac c ounting 
for 13.9% of tot al abundanc e in mangro v e wa t ers but only about 
4.0% in marine wa t ers and 0.1% in urb an wa t ers. Prymnesio- 
phyceae w as signific antly mor e abundant in the marine compart- 
ment than the other compartments ( ∼4.7% of total abundance in 

marine wa t er s v er sus 1.2% in mangro v e and 0.01% in urban wa- 
ter s), and Chlorophy ceae was more abundant in the urban com- 
partment ( ∼12.3% of total abundance in urb an wa t er s v er sus 
0.04% in mangro v e and 0.02% in marine wa t ers) ( Supplementary F 
ig. S14 ). Urban surface waters presented a much larger abundance 
of five classes of consumers (Olig ohymenophore a, Phyllopha- 
ryng e a, Endomy x a, Filosa-Sar c omonadea, and Bic oec ea) ( Supp 

lementary Fig. S14 ). For parasitic OTUs, class Colpodellidea was 
present mostly in urb an are as, and class Syndiniales, a ubiquitous 

gr oup of pr otist p arasit es, w as pr esent mostly in marine and man-
gro v e wa t ers ( Supplementary Fig. S14 ). 

Putative harmful algae 

Based on the IOC-UNESCO taxonomic r ef er ence list of harmful
microalgae, we identified 1,207 eukary otic OTU s corresponding
t o g enera implica t ed in HAB events ( Supplementary Table II ).
In particular, we identified 42 OTUs assigned to genus Pseudo-
nitzschia , 15 Alexandrium OTUs (including one Alexandrium affine
and one Alexandrium andersonii ), 445 Pyrodinium OTUs (includ-
ing 389 Pyrodinium bahamens OTUs), 32 Prorocentrum OTUs (in-
cluding one Pr or ocentrum emar ginat um and one P. cassubicum ),
324 Chrysochromulina , and 43 Amphidinium OTUs (including OTUs
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Figure 4 Taxonomic distribution of the environment-specific OTUs identified by LEfSe analysis . (A) pr ok aryotes and (B) eukaryotes. The bar color 

corresponds to the compartment where OTUs are differentially abundant. 
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ssigned to the species Amphidinium klebsii, A. gibbosum , and 

. carterae ). Using the list of Cyanobacteria , we also identi- 
ied 45 OTUs corresponding to the genera Annamia, Calothrix , 
 yanobium , C ylindr ospermum , Lyngbya , Micr ocystis , Phormidium , 
lanktothrix , and Snowella ( Supplementary Table II ). A further 
nalysis of some of these genera revealed a he ter ogeneous distri- 
ution, depending on compartment, with some sites presenting a 
uch higher abundance (Fig. 7 ). 

iscussion 

he primary g o al of this study was to describe and compare 
ultiple micr obial gr oups within and be tween various bodies 

f surface wa t er in Guadeloupe, a French o v er se as t errit ory lo- 
a t ed in the Lesser Antilles. We evalua t ed the o v erall richness 
nd dominant microbial groups within a geographic area en- 
ompassing the most densely popula t ed and urb aniz ed ar eas of 
uadeloupe and adjacent areas, including a pr otec ted marine 
rea ( Supplementary Fig. S1 ). This area is also of particular in- 
 erest t o the Caribbe an Co as t Human-Environment Observ a t ory, 
hich investiga t es socio-envir onmental trajec tories (Hervé e t al. 

024 ). 

Alpha div er sity profiles sho w ed tha t urb an wa t er samples pre-
sented the highest pr ok ary otic div er sity but the lo w est eukary otic
div er sity, along with a high turno v er. High turno v er w as also f ound
in mangro v e and marine envir onment s. These r esult s wer e unex-
pec ted bec ause many aquatic pr otist s have a mor e passive mode
of dispersal than observed in other habitat groups (Pettersen et
al. 2022 ). Ther ef or e our findings probably imply that local biolog-
ical mechanisms, such as environmental selection and the rela-
tive isolation of habitats, may be the main driving forces behind
the high de gr ee of OTU r eplacement (Lawton 1999 , Soininen 2010 ,
Lindström and Östman 2011 , Langenheder and Lindström 2019 ).
In addition, a relative isolation of habitats was also expected in this
study, due to the major differ ences be tween the types of urban w a-
ter sampled. 

We identified 24,073 pr ok aryotic and 22,864 eukaryotic OTUs,
which correspond to our knowledge to the largest number of taxa
ever described in a single study for this French o v er se as t errit ory.
Among them, 2,304 pr ok ary otic OTU s (9.6% of the total number
of OTU s) w er e common to all thr ee compartment s, wher eas this
was the case for only 483 eukaryotic OTUs (2.1%). The existence of
c ommon t ax a to differ ent aqua tic ecosyst ems may be explained by
the presence of generalist taxa and/or a high dispersal ra t e (James
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

e t al. 2024 , Rain-Franco e t al. 2024 ). The lo w er number of shared 
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Figure 5 He a tmap of pr edic ted func tions b ased on the FAPROTAX da tab ase. The 35 ca t eg ories present ed here correspond to 3,815 prokaryotic OTUs. 

Func tions wer e cluster ed with the weight ed p air gr oup me thod centr oid (WPGMC) alg orithm b ased on Euclide an dist anc es. The c olor sc ale r epr esent s 

the proportion of each predicted function within a sample. 

Figur e 6 R elative abundance of eukary otic OTU s assigned to three major trophic modes: pho to trophic, parasitic and consumers. The dat a c orrespond to 

the relative abundance per site of the trophic groups and in each compartment. 
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eukary otic OTU s suggest a high div ergence in div er sity composi- 
tion and, probably, a higher number of specializ ed euk aryotes. It’s 
int eresting t o not e tha t several dia t om g enera, including Chaeto- 
ceros , C yclotella , Sk ele tonema , and Thalassiosir a , wer e among the 
mos t prev alent eukary otic OTU s shared b y the three compart- 
ment s. These genera ar e known to be able to colonize a wide range 
of habitat s (Tison-R osebery e t al. 2017 , Pir edda e t al. 2018 , Pier ella 
Karlusich et al. 2025 ). 

Compositional differ ences be tween 

ecosystems and putative roles of bacterial 

communities 

We found a number of significant differences in the relative abun-
dance of several b act erial phyla between compartments (Fig. 3 ).
Among them, we found plank tonic t axa characteristic of the ma-
 

 

 

rine environment, such as the SAR11 clade ( Alphaprot eobact e- 
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Figur e 7 R ela tive abundance per sit e of select ed groups of puta tiv e harmful algae in mangro v e, marine and urb an surface wa t ers. Not e tha t the scale of 

the relative abundance depends on the putative HAB considered. 
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ia ), members of the NS marine groups ( Flavobacteriales ), and 

arine Group II Archaea ( Thermoplasmat a , Thermoplasmat ot a ), 
hich are known to contribute to the global ocean carbon cy- 

le (Alonso et al. 2007 , Zhang et al. 2015 , Giovannoni 2017 ). In- 
erestingly, we also found that Cy anobacteriia w ere mostly abun- 
ant in c oast al surfac e wa t ers. Within this class, a single OTU 

ssigned to Synechoc oc cus CC9902 had a mean abundance of 
bout 30% in marine samples. Synechoc c ocus is an abundant and 

idespre ad cyanob act erial g enus in marine envir onment s, but 
t s abundance, physiologic al f e a tures, and g ene expr ession ar e 
nown to display spatial and temporal patterns of variation (Far- 
ant e t al. 2016 , Dor e e t al. 2022 , Li e t al. 2023 , Har ding e t al. 
025 ). In both fr eshw a t er and marine settings, it has been demon- 
tra t ed tha t the rele ase of nitrog enous compounds and, more 
r oadly, eutr ophic ation raise the c onc entrations of a number of 
yanob act erial species, including Synechoc oc cus (Rajaneesh et al. 
020 , Wang et al. 2022 , Wåhlström et al. 2024 , Zuo et al. 2024 ). 
e ther ef or e hypothesiz e that the high abundance of Synechococ- 

us found in this study is a potential result of the eutrophication 

f Guadeloupean c oast al waters which might be explained by the 
igh levels of human and industrial activity in the study area, as 
ell as the low overall efficacy of the local wast ewa t er tre a tment 
lants. 

Despit e het erog eneity in the composition of the microbial com- 
unities of urban surface wa t ers, this comp artment consist ently 

isplayed a strong enrichment in Prot eobact eria (Figs 3 and 4 ). The 
ost abundant family was Acet obact eraceae ( Alphaprot eobact e- 

ia ), which includes various taxa found in extreme environments, 
s well as acetous and acidophilic b act erial taxa that have been 

xtensively studied for use in the food and industrial sectors (Guz- 
an and Vilcinsk as 2022 , De gli Esposti e t al. 2023 ). In this en- 

ironment, the most abundant b act erial OTUs was assigned to 

oseomonas genus, which includes acidophilic taxa (Rai et al. 
021 , Guzman and Vilcinskas 2022 ) associa t ed with human con- 
tructions due to their ability to establish biofilms within the con- 
r e te corr osion layer (Li et al. 2017 ). Urban samples were also en- 

riched in Burkholderiales ( Gammaprot eobact eria ), a large group
of b act eria commonly found in soils and wa t ers and which has
been implica t ed in plant gro wth, nutrient cy cling, and pollutant
degradation (Coenye and Vandamme 2003 ). Burkholderiales also
includes agents that are pathogenic in plants and animals, in-
cluding humans (Voronina et al. 2015 ). The other abundant fami-
lies were Comamonadac eae , Rhodocyclac eae (genus C39, and un-
classified Rhodocyclaceae ), and Burkholderiaceae (genus Polynu-
cleobacter ). Int erestingly, g enus C39 has been reported in bodies
of fr eshw a t er, in associa tion with mosquit o larv ae (Alf ano et al.
2019 ). Another b act erial family tha t was common in urb an sam-
ples is Sporichthyaceae ( Frankiales , Actinobacteria ) which have
pr eviously been r eport ed in urb an wa t ers (Newt on and McLellan
2015 ). 

Pr edic tions of function for the prokaryotic community revealed
that the urban samples c ont ained mostly chemohe ter otr ophs.
The mangro v e and marine surface wa t ers predominantly con-
tained pho to tr ophs. The mangr o v e samples also presented func-
tions rela t ed t o nitra t e and sulfur metabolism. This was expected,
as mangro v e sediments are known to play an active role in sul-
fur recycling (Mo et al. 2023 ) and because mangro v es receiv e
lar ge amount s of nitr ogen compounds fr om human ac tivities (Nie
et al. 2021 , Mack et al. 2024 ). In urban environments, trophic
status and many of the functions identified were rela t ed t o fer-
mentation, me thylotr ophy, hydr oc arbon de grada tion, animal p ar-
asites, or symbionts. In particular, 171 OTUs (2.4% of the total
number in this compartment) were assigned by FAPROTAX to
the animal p arasit e or symbiont ca t eg ories. The most abundant
genera among these OTUs were Roseomonas ( Acet obact erales )
and Prevot ella ( Bact eroidales ). These environmental b act eria have
been found in the human microbiome and associa t ed with in-
f ec tious diseases in humans (Romano-Bertrand et al. 2016 , Tett
et al. 2021 , Yeoh et al. 2022 ). Alt og ether our da ta reve al tha t
ther e ar e several common bac teria in Guadeloupean urban and
suburb an are as tha t have been linked t o humans and urb an
settings. 
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Euk aryotic tr ophic gr oup abundances in 

surface wa t ers 

F ollowing t o the classifica tion proposed by Singer et al. ( 2021 ), 
pho to trophic OTU s w ere the most abundant OTUs in mangro v e 
samples. Eighteen of these OTUs were mangro v e biomarker s, in- 
cluding the dia t om g enera Chaetocer os , Conticribr a , Cyclotella , 
and Thalassiosira , and tw o OTU s assigned to the genus Picochlo- 
rum (Tr ebouxiophyceae, Chlor ophyta). Chlor ophytic phytoplank- 
ton are among the major contribut ors t o aqua tic primary pro- 
duction in a number of tropical and subtropical zones, but their 
abundance varies with period, season and location (Gaiser et al. 
2004 , Samanta and Bhadury 2018 , Hilaluddin et al. 2020 ). We also 

identified fiv e mangro v e biomarker s classified as crypt ophyt es, 
including members of the genera Hanusia and Plagioselmis, which 

were most abundant in wa t er samples from mangro v e forests 
and the fringes of such f or est s, r espec tiv ely. Although w e did 

not examine phyt oplankt on communities along the salinity gra- 
dient, our findings are in line with a prior molecular study con- 
ducted on the island of Curaçao that revealed variations in diatom 

and green algae abundances between habita ts, with dia t oms be- 
ing mor e pr evalent in mangr o v e and salt ponds (Eckmann et al. 
2023 ). 

Marine surface wa t er s w ere domina t ed b y Dinophy ceae but 
also c ont ain abundant dia t om g enera including Chaetoceros 
(tw o biomarker OTU s), Sk ele tonema , Thalassiosira , and Pseudo- 
nitzschia . The most abundant dia t om OTU was assigned to Chaeto- 
ceros tenuissimus , a c osmopolit an species of inter est f or analyses 
of wa t er quality (Past orino et al. 2022 ). In the urb an environment, 
dia t oms were the third most abundant class of pho to trophic or- 
ganisms after chlorophytes and the cryptophytes. In this environ- 
ment, two other abundant dia t oms were Nitzschia palea and Cy- 
clotella meneghiniana, that are common freshwa t er species pre- 
viously described in wa t er quality assessments in the French West 
Indies (Heinry et al. 2024 ). Our dat a c onfirmed the import anc e of 
investiga ting dia t oms and other photosynthetic algae when ana- 
lyzing the quality of temporary or permanent salt and fresh wa t ers, 
with pot ential implica tions for the understanding of their ecologi- 
c al r oles in tr opic al aqua tic ecosyst ems (Chen et al. 2016 , Samanta 
and Bhadury 2018 , Taurozzi et al. 2024 ). 

Consumer taxa were found in marine and mangro v e surface wa- 
ters, but this trophic mode was most abundant in urban samples 
(Fig. 6 ). Among them, the class Olig ohymenophore a (Ciliophora, 
Alveolat a) ac c ounted for 36.5% of the r elative r ead abundance 
in this compartment. Our dat a c onfirm pr evious studies r eport- 
ing cilia t es t o be among the most abundant groups in fr eshw a t er 
ecosystems (see Liu et al. 2022 and associated r ef er ences). Oligo- 
hymenophor ea species ar e often used in w astew ater tr eatment 
(Muñoz-Palaz on e t al. 2019 ), and species such as Par amecium mul- 
timicr onucleat um and Vorticella micr ostoma hav e been sho wn to 

be useful for the bioremediation of heavy metal contamination (Li- 
aqat et al. 2022 , Zahra et al. 2023 ), or to survive in c ont amina t ed 

industrial effluent (Rehman et al. 2007 ). Olig ohymenophore a are 
major contribut ors t o the micr obial loop , pr eying on bac teria and 

small pr otist s (Carvalho da Silva and Fernandes 2023 , Abraham 

et al. 2024 ). Our findings indica t e tha t Olig ohymenophore a may 
actively contribute to the microbial composition in Guadeloupe’s 
surface wa t ers, despit e the observed varia tions in both richness 
and abundance between sites. 

Puta tive t oxic or harmful taxa 

As in other r e gions of the w orld, HAB hav e been documented in
Latin America and the Caribbean (LAC), with ecological, social,
and economic consequences (Cuellar-Martinez et al. 2018 , Hal-
le graeff e t al. 2021 , Sunesen e t al. 2021 , Ayache e t al. 2023 , Ig-
w aran e t al. 2024 ). Using the list of genera pro vided b y the IOC-
UNESCO dataset, w e inv estigated the presence of putative HAB
micr o-or ganisms in Guadeloupe. We identified 1,207 eukaryotic
OTUs and 31 pr ok aryotic OTUs corresponding to putative HABs.
Even if we did not isola t e strains nor measure any toxin lev els, w e
f ound r elevant to r eport several of these tax a that pr esent various
ecologic al r oles and that wer e not often described in the Fr ench
West Indies. 

In particular, we identified OTUs belonging to Cyanobacteria
(nine genera: Annamia , Calothrix , Cyanobium , Cylindrospermum ,
Lyngbya , Microcystis , Phormidium , Planktothrix , and Snowella )
tha t include puta tive t oxic but also non-t o xic taxa. C yanobium
which was the most abundant genus in all thr ee w a t er comp art-
ments, is commonly found in both freshwa t er and marine ecosys-
tems and can produce cyano to xins (Jakubowska and Szelag-
Wasielewsk a 2015 , Chorus and Welker 2021 , Dirks et al. 2024 ). In-
terestingly, among the environment-specific biomarkers identi- 
fied her e, we f ound tw o Cy anobium OTU s among the mangro v e
biomarkers and one among the urban biomarkers. Planktothrix -
rela t ed OTU s w ere present in 64% of the urban samples and in one
marine sample but were absent from mangro v e. These findings
are in contrast to earlier data for this species in Guadeloupe’s ma-
rine mangro v es (Guidi-R ontani e t al. 2014 ). Ho w ev er, this earlier
study c onc entra t ed on ma t sediment samples, where as we exam-
ined wa t er samples. Alt og ether, our molecular investiga tions re-
veal the presence of potentially harmful cyanobacteria in various
aquatic envir onment s, which should enc ourage st akeholders to
es tablish monitoring sys tems and carry out toxicity assessments
for this b act erial phylum. 

F or eukaryot es, we focused on the genus Pseudo-nitzschia be-
cause the incidence of this pot entially t oxic dia t om has incre ased
globally o v er the last tw o dec ades, including in the Caribbean r e-
gion (Lief er e t al. 2013 ). We identified 42 OTUs assigned to Pseudo-
nitzschia that were present in marine and mangro v e samples.
These data suggest that mor e de tailed analyses of the presence
of this potentially harmful genus in Guadeloupean waters are re-
quired even if it should be borne in mind that not all species are
harmful. Indeed, the pr oduc tion of domoic acid (DA), in which
causes amnesic shellfish poisoning (ASP), gre a tly depends on the
species and ecotype of Pseudo-nitzschia , cell physiology and en-
vir onmental parame ters (Santiago-Morales and García-Mendoza 
2011 , Lema et al. 2017 , Sauvey et al. 2023 , He et al. 2024 ). 

Dinophyce ae cap able of producing p aralytic shellfish t oxins
are another major c onc ern in the wider Caribbean area (Lands-
ber g e t al. 2006 , Usup e t al. 2012 , Mor quecho 2019 , Sunesen
et al. 2021 , Art e ag a-Sog amoso et al. 2022 , Núñez -Vázquez et al.
2022 ). We identified several OTUs assigned to some of the well-
documented HAB species, such as Alex andrium affine , Alex an-
drium andersonii , Pr or ocentrum emar ginat um, Pr or ocentrum cas-
subicum , and Pyr odinium bahamense . Mor eo v er, our findings of
the presence of potentially harmful dinoflagellates in the ma-
rine pelagic z one ar e c omplement ary to those of previous stud-
ies on benthic dinoflag ella t es in the French West Indies (Boisnoir
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a t ed t o g enus Chr ysochromulina and Pr ymnesium in marine and 

angro v e wa t ers, which correspond t o report ed t oxic Prymnesio- 
hyceae species (Houdan et al. 2004 , Manning and La Claire 2010 , 
obieraj and Metelski 2023 , Wang et al. 2024 ). Finally, our molecu- 

ar inventory of microbial taxa also indica t ed sp a tial het erog eneity 
n the Dinophyceae assemblage that will r equir e mor e dedic a t ed 

tudies. 

onclusion 

he composition of the pr ok aryotic and euk aryotic micr obial 
ssemblages has rarely been investiga t ed in Caribbe an islands. 
er e, we pr ovide a first description of both communities in three 
qua tic ecosyst ems: mangro v e, marine, and urban envir onment s 
round the most popula t ed and anthropized area of Guadeloupe. 
his study provides detailed insights into the distribution of a 

arge number of taxa and its het erog eneity. Sampling efforts were 
ot uniform for the three compartments and information about 
hysic ochemical c onditions would be r equir ed to obtain a full un- 
erst anding of c ommunity assembly proc esses, but our findings 
how that turnover differ ed signific antly be tween the thr ee envi- 
 onment s and was highest in urb an are as, in which div er sity was 
lso gre a t es t. This s tudy re veals ne w molecular biomarkers for 
quatic envir onment s and de tec ted, f or the first time in this area, 
 number of OTUs potentially associated with toxic or harmful 
looms . These b aseline da ta will be very useful f or effort s to mon- 

t or the imp act of na tural and anthropog enic pr essur es in Guade- 
oupe. 
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