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ABSTRACT 

eDNA metabarcoding: a non-invasive method to track temporal community dynamics in temporary rivers.
 
Temporary rivers (TRs) are dynamic ecosystems that alternate between hydrological phases (i.e., flowing, disconnected 
pools, and dry). They are conservation refugia for aquatic species during dry seasons but are often neglected in bioassessment 
programs. To assess the biological quality of these ecosystems, morphological methods can be invasive, disrupting 
communities and diminishing their function as refugia. Environmental DNA (eDNA) metabarcoding provides a minimally 
invasive method, gathering community information from eDNA in water or sediment. We tested the effectiveness of eDNA 
methods alongside bulk DNA metabarcoding to characterize the macroinvertebrate communities and assess the biological 
quality of disconnected pools in TRs, comparing them with morphological methods. Additionally, we tested how the 
community patterns evolve over time using eDNA and how community composition shifts during disconnection. Biological 
quality was determined through macroinvertebrate indices widely used in Spain (i.e., IBMWP, family richness, and IASPT). 
eDNA samples were collected biweekly from three TRs in Catalonia, NE Spain. Macroinvertebrates were sampled during 
the three hydrological phases (connected, disconnecting, and disconnected pools). Macroinvertebrate samples were used 
to identify organisms using morphology and to sequence bulk DNA. eDNA and bulk DNA samples were analysed via 
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INTRODUCTION

Temporary rivers (TRs), also known as intermit-
tent rivers and ephemeral streams, represent over 
50% of the global river network (Messager et al., 
2021). Their global occurrence is expected to in-
crease with climate change and increasing water 
demand (Datry et al., 2023), affecting freshwater 
biodiversity and the benefits that humans obtain 
from rivers (Fovet et al., 2021; Soria et al., 2017; 
Stubbington et al., 2017). TRs hydrologically 
shift between flowing, disconnected pools, and 
dry phases, leading to significant changes in com-
munity composition (Gallart et al., 2017). The 
changes that occur during the formation of dis-
connected pools and flow resumption are particu-
larly important for freshwater taxa (Drummond et 

al., 2015) because disconnected pools provide ref-
ugia for many aquatic species during the dry sea-
son (e.g., Diptera, Odonata, Coleoptera, and He-
miptera; Pineda-Morante et al., 2022). Moreover, 
these pools are essential for species’ survival and 
the recolonization of the river network once flow 
resumes (Bonada et al., 2020; Pineda-Morante et 
al., 2022). Although there is still little information 
on the role of TRs in biodiversity organization at 
the regional level, previous studies suggest that 
metacommunity assembly is governed by taxa re-
placement, where habitat heterogeneity promotes 
colonization by new taxa (Crabot et al., 2021).

TRs have been traditionally excluded from bi-
omonitoring programs such as the European Wa-
ter Framework Directive (WFD) because of their 
small size and hydrological dynamism (Stubbing-

DNA metabarcoding targeting the mitochondrial COI gene. Although communities determined by sediment eDNA did not 
detect variations in biotic indices (i.e., IBMWP and family richness), the method was useful to detect the replacement of 
EPT (Ephemeroptera, Plecoptera, Trichoptera) by OCH (Odonata, Coleoptera, Heteroptera). Additionally, sediment eDNA 
revealed significant impacts of hydrological changes on meiofauna (Ostracoda, Cladocera, Copepoda), a group often 
overlooked in stream assessments. These results indicate that sediment eDNA metabarcoding can serve as a valuable tool 
for the bioassessment of TRs, capturing the transitions between hydrological phases while preserving ecosystem integrity.

KEY WORDS: aquatic macroinvertebrates, meiofauna, intermittent rivers, disconnected pools.

RESUMEN

eDNA metabarcoding: un método no invasivo para detectar cambios en las comunidades de ríos temporales. 
 
Los ríos temporales (TRs) son ecosistemas dinámicos que alternan entre fases hidrológicas (flujo, pozas desconectadas y 
seco). Los TRs son refugios de conservación para especies acuáticas durante la estación seca, pero no se han considerado 
en los programas de biomonitoreo. Para su evaluación biológica, los métodos morfológicos pueden ser invasivos, 
eliminando parte de la comunidad y disminuyendo su función como refugio. El ADN ambiental (eDNA) metabarcoding 
es una alternativa mínimamente invasiva para recopilar información de la comunidad a partir de agua o sedimento. 
En este estudio probamos la eficiencia del eDNA metabarcoding junto con ADN masivo para caracterizar las comunidades de 
macroinvertebrados y evaluar la calidad biológica de los TRs en comparación con los métodos morfológicos. Además, exploramos 
los patrones de la comunidad bentónica mediante el análisis de cambios a lo largo del proceso de desconexión mediante eDNA 
metabarcoding. La calidad biológica se determinó a través de tres índices de macroinvertebrados (IBMWP, riqueza e IASPT). 
Las muestras de eDNA se recolectaron cada 15 días en tres TRs en Cataluña. Los macroinvertebrados se muestrearon en 
tres momentos (río conectado, durante la desconexión y pozas desconectadas). Las muestras de macroinvertebrados fueron 
identificadas morfológicamente y procesadas junto con el eDNA mediante análisis de metabarcoding del gen COI. Las muestras de 
eDNA del sedimento presentaron diferencias significativas en relación a los índices IBMWP y riqueza familiar, pero sí detectaron 
la sustitución de EPT (Ephemeroptera, Plecoptera, Trichoptera) por OCH (Odonata, Coleoptera, Heteroptera). El eDNA del 
sedimento también reveló impactos significativos de la temporalidad en la meiofauna (Ostracoda, Cladocera, Copepoda), grupo 
infravalorado en la evaluación del estado ecológico de los arroyos. Nuestro estudio demuestra el eDNA es una herramienta 
valiosa para la bioevaluación en TRs, capturando las transiciones entre fases hidrológicas y preservando la integridad de los TRs.

PALABRAS CLAVE: macroinvertebrados acuáticos, meiofauna, ríos intermitentes, pozas desconectadas. 
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ton et al., 2018). However, managers are calling 
for the development of adapted protocols and 
tools given the ecological importance of these 
ecosystems and their prevalence in many river 
networks around the world (Munné et al., 2021). 
For example, in Spain, some progress has been 
made in the assessment of the hydrological and 
biological quality of TRs (Cid et al., 2017; Soria et 
al., 2020). The Temporary Rivers Ecological and 
Hydrological Status (TRESH) software (Gallart 
et al., 2017) is being officially used to evaluate, 
quantify, and classify the hydrological regimes of 
Spanish TRs (MITECO, 2020). Yet, no biologi-
cal indices exist to assess the biological quality 
of disconnected pools (Bonada et al., 2024; Ersoy 
et al., 2024). The use of biological indices based 
in macroinvertebrates is an accepted approach to 
detect and quantify the effects of anthropogenic 
activities on aquatic ecosystems, reflecting envi-
ronmental quality based on the community com-
position (Bonada et al., 2005). However, several 
studies have reported poor performance of bio-
logical indices based on macroinvertebrates to 
assess the biological quality of TRs because they 
have been developed for perennial rivers (Crabot 
et al., 2021; Ersoy et al., 2024; Soria et al., 2020), 
suggesting that they can be only used during the 
flowing phase (Munné & Prat, 2011; Soria et al., 
2017, 2020). During the disconnected pool phase, 
a decline in diversity can occur due to natural fac-
tors (i.e., pool size, presence of predators, natural 
oxygen depletion) even in pristine sites (Bona-
da et al., 2020). As a result, it is challenging to 
distinguish between natural and anthropogenic 
stress when assessing the biological quality of 
disconnected pools (Bonada et al., 2024; Cid et 
al., 2020; Crabot et al., 2021).

In a future scenario of more severe and pro-
longed droughts (Qiu et al., 2022; Naumann et 
al., 2018), there is a growing need for alterna-
tive sampling methods for biomonitoring TRs, 
and molecular tools are showing great potential 
(Leese et al., 2016; Múrria et al., 2024). Envi-
ronmental DNA (eDNA) metabarcoding is a 
minimally invasive tool to study communities 
without the collection of specimens (Hering et 
al., 2018). eDNA captures the DNA from an en-
vironmental sample and can serve to characterize 
the occurrence and distribution of taxa (Taberlet 

et al., 2012). eDNA methods hold the potential 
to provide more precise taxonomic information 
using faster and cheaper procedures than mor-
phological methods (Pawlowski et al., 2018), 
and to reduce differences in ecosystem assess-
ments between regions (Blancher et al., 2022). 
However, while eDNA shows promise for rare 
and threatened species detection and mapping of 
population distribution (Harper et al., 2018), it 
still does not meet the legal requirements of the 
EU's Habitats Directive (Rasmussen et al., 2021) 
and the WFD because it cannot quantify species’ 
abundances (Hering et al., 2018). Despite these 
limitations, eDNA has been used in a variety of 
organisms and facilitated the inter-calibration of 
biological indices, from marine bacteria (e.g., 
the microgAMBI index; Aylagas et al., 2021) to 
freshwater macroinvertebrates (e.g., the Danish 
riverine faunistic index, the Swiss IBCH index; 
Brantschen et al., 2021; Kuntke et al., 2020). Fur-
thermore, previous studies on bulk DNA showed 
that the IBMWP index could be adapted to per-
manent rivers in Spain (Fernández et al., 2019; 
Múrria et al., 2024). Within this context, the study 
of different eDNA methods can be useful for the 
adaptation of existing indexes (e.g., IBMWP, 
family richness, IASPT) or the development of 
new metrics for ecosystems where morphologi-
cal methods are not fully developed, such as TRs 
(Blancher et al., 2022). eDNA is particularly in-
teresting for TRs because it can capture the differ-
ences in community composition associated with 
the flowing, disconnected pool, and dry phases 
with a minimal impact on the biota (Blackman 
et al., 2021). Studies show a reasonable overlap 
in taxa detection between molecular and mor-
phological methods (Keck et al. 2022), and fair 
agreement in biological indices (e.g., Brantschen 
et al. 2021, Blackman et al. 2024, Múrria et al. 
2024). However, empirical studies evaluating the 
performance of eDNA methods for assessing the 
biological quality of TRs are still rare.

The aim of this study was to compare the ef-
fectiveness of eDNA and bulk DNA methods to 
characterize macroinvertebrate communities and 
assess the biological quality of TRs using mor-
phological and molecular methods. We hypoth-
esized that community composition and biolog-
ical indices would show good overlap among the 
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four methods (sediment eDNA, water eDNA, 
bulk DNA, and morphological method), in par-
ticular between different types of samples (sed-
iment eDNA, bulk DNA, and morphological 
sampling) from the same location, as shown by 
previous studies conducted during flowing con-
ditions (Brantschen et al., 2021; Fernández et al., 
2019; Suren et al., 2024). Additionally, we test-
ed whether communities shifted over time using 
eDNA methods, focusing on the pool disconnec-
tion process. We hypothesized that, during the 
disconnection process, the communities would be 
characterized by the disappearance of EPT taxa 
(Ephemeroptera, Plecoptera, Trichoptera) and the 
appearance of OCH taxa (Odonata, Coleoptera, 
Hemiptera), driven by habitat changes from rif-
fles to disconnected pools (Bonada et al., 2020; 
Pineda-Morante et al., 2022).

 
MATERIAL AND METHODS

Study area

Three TRs in Catalonia (NE Spain), differing in 

geology and climate characteristics, were select-
ed: Daró with a siliceous geology and dry-Med-
iterranean climate, Talamanca with a calcareous 
geology and dry-Mediterranean climate, and 
Vallcebre with a calcareous geology and hu-
mid-Mediterranean climate (Fig. 1). In each river, 
two pools were identified, which were connected 
to riffles at the beginning of the sampling period 
and became disconnected over time. Each sam-
pling point was visited every two weeks from 
June to October 2020 to sample eDNA, and mac-
roinvertebrate samples were collected three times 
(during the connected, disconnecting, and dis-
connected phases). Also, we installed two mod-
ified temperature HOBO® sensors per pool, one 
in a riffle before the pool and another one inside 
the pool, to register water presence/absence and 
determine the disconnection time (Chapin et al., 
2014). 

Sampling 

To minimize the sample collection impact on the 
macroinvertebrate community, samples were only 

Figure 1. Locations of the disconnected pools sampled across Catalonia, NE Spain. Red dots indicate the locations Vallcebre (1,2), 
Talamanca (1,2) and Daró (1,2) pools. Localización de las pozas desconectadas en Cataluña, NE de España. Los puntos rojos indican 
la localización de las pozas Vallcebre (1,2), Talamanca (1, 2) y Daró (1,2).
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collected three times using a 250 μm mesh size 
surveys, coinciding with the connected (i.e., flow-
ing), disconnecting (i.e., transitioning from flow-
ing to stagnant), and disconnected pool phases. 
Samples were collected following standardized 
protocols for perennial rivers (Jáimez-Cuéllar et 
al., 2002), but the protocol was adapted following 
Ersoy et al., (2024) during the disconnected pool 
phase. Disconnected pool sampling was restricted 
to half of the pool, leaving the other half unsam-
pled to reduce the impact on the community. The 
protocol by Jáimez-Cuéllar et al (2002) is notable 
for its exhaustive and semi-quantitative nature: 
microhabitats are sampled until no additional 
taxa are detected. To ensure that this effort was 
maintained consistently over time, the number of 
passes through each habitat were recorded to de-
termine the sampling effort per site. Macroinver-
tebrates were preserved in a 96% not-denatured 
ethanol solution and transported to the laboratory 
in a refrigerator. Samples from water and sedi-
ment eDNA were collected using bleach-steri-
lized material and disposable gloves (Bruce et al., 
2021, Urycki et al., 2024). Every 15 days between 
June and October water and sediment samples 
were collected for eDNA sequencing. One liter 
of water was collected directly at 10 cm depth of 
the water column using a plastic bottle, whereas 
sediments were sampled from the entire surface 
of the riverbed using sterile syringes (10 mL) 
and avoiding anoxic zones. Then, eDNA samples 
were cooled at 4 ºC in the field and preserved at 
-20ºC until further analyses. To ensure the relia-
bility of the results obtained, a sample of distilled 
H2O (dH2O) was used as negative control and 
transported during all the sampling procedures in 
the car and the streams. 

Sampling sites located in Vallcebre never got 
disconnected during the summer of 2020. Thus, 
the third sampling of macroinvertebrates (i.e., 
disconnected pool phase) could not be carried out.

Laboratory analyses

For morphological methods we counted the num-
ber of individuals and identified them at the fami-
ly level (except for Oligochaeta and Hydracarina, 
sub-class and order level, respectively) under a 
stereomicroscope using standard taxonomic keys 

(Tachet et al., 2010). We adopted the family level 
as it is the taxonomic level used in all standard-
ized biological indices in Spain. 

Water eDNA and negative control were fil-
tered in the laboratory six months after the sam-
pling period. A 0.22 μm Sterivex-GP Pressure Fil-
ter Unit (EMD Millipore, Cat. No: SVGP01050) 
was used, and the volume filtered varied between 
0.2 and 1 L depending on the water turbidity. In 
parallel, 0.3 g of soil sample were used for the 
sediment DNA extraction. In addition to water 
and sediment eDNA samples, once macroinver-
tebrates were identified, specimens were homog-
enized and used for molecular analyses as bulk 
DNA. This bulk DNA sample included a large 
quantity of DNA extracted from an individual tis-
sue subsample that is a mixture of genetic materi-
al from organisms of the entire community. Prior 
to homogenization, ethanol was removed from 
bulk samples and the macroinvertebrates were 
dried using a dehumidification chamber to avoid 
cross-contamination and homogenized using 
bleach-sterilized mortar, pestle and liquid nitro-
gen (N2). The entire sample was included in the 
extraction process, as most of the homogenized 
samples had low weight (less than 0.3 g). All 
molecular samples (i.e., water eDNA, sediment 
eDNA, bulk DNA, and sampling negative con-
trols) were extracted without replicates under a 
UV laminar flow cabin six months after sampling. 
Contaminations during extraction and amplifica-
tion were avoided using a UV clean room, bleach, 
and UV to sterilize all the materials used and the 
cabin. Individual filtered pipetting tips were also 
used during all the processes. Extraction and PCR 
negative controls were held to ensure the reliabil-
ity of the process. Sediment eDNA and bulk DNA 
were extracted following commercial instructions 
of PowerSoil DNA Extraction Kit (PowerSoil, 
Qiagen), and water eDNA was extracted using 
PowerWater DNA Extraction Kit (PowerSoil, 
Qiagen). 

The mitochondrial DNA Cytochrome c oxi-
dase I gene (cox1, COI) was amplified using 1 
µl of each forward and reverse 8-base tagged 
primers LERAY_XT (Forward-miCOIint-XT: 
GGWAACWRGWRGRACWITITAYCCYCC; 
Reverse-jgHCO2198:TAIACYTCIGGRTGIC-
CRAARAAYCA, Wangensteen et al., 2018), 5 
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µM AmpliTaq Gold DNA polymerase (Applied 
Biosystems, Foster City, CA, USA), 3 µg of bo-
vine serum albumin and 10 ng of purified eDNA/
DNA in a total volume of 20 µl per sample. The 
PCR profile included 10 min at 95°C, 35 cycles 
of 94°C 1 min, 45°C 1 min and 72°C 1 min, and 5 
min at 72°C, following Wangensteen et al., 2018. 
8-Base sample tags per sample and 313 bp were 
used to amplify the extracts, as the long amplicon 
sequence generated by LERAY_XT primers can 
improve taxonomic assignment at the species lev-
el (Collins et al., 2019) and preliminary studies 
successfully tested this approach (Fernández et 
al., 2019; Múrria et al., 2024; Suren et al., 2024). 
Three 20 µL PCR replicates were analyzed under 
standard conditions for COI amplifications (Wan-
gensteen et al., 2018) and run in an agarose gel 
per extraction. All the subsamples from each plate 
were pooled together, purified, and concentrated 
using a MinElute PCR purification kit (Qiagen). 
A Qubit fluorometer was used to quantify DNA 
concentrations. Three Illumina libraries were 
built using the Nextflex PCR-free library prepa-
ration kit (Perkin-Elmer), which was sequenced 
in an Illumina MiSeq V3 run using 2 × 250 bp 
paired-end sequencing (Múrria et al., 2024, Wan-
gensteen et al., 2018). 

There was no amplification of water eDNA 
samples during the PCR process; however, they 
were also sequenced. Therefore, the results of the 
water eDNA samples were excluded from the sta-
tistical analyses due to their lack of amplification.

 
Bioinformatics

Sequences were analyzed using the APSCALE_
gui (Advanced Pipeline for Simple yet Com-
prehensive AnaLysEs of DNA metabarcoding 
data Graphical User Interface) (Macher, 2023). 
APSCALE_gui is a Graphical User Interface 
based on Buchner et al.  (2022) APSCALE pipe-
line. VSEARCH (Rognes et al., 2016), Cutadapt 
(Martin, 2011) and LULU (Frøslev et al., 2017) 
tools are included on this pipeline. APSCALE is a 
comprehensive metabarcoding pipeline that auto-
mates tasks such as pair-end merging, primer trim-
ming, quality filtering, OTU clustering, denoising 
and LULU filtering. It includes features such as 
demultiplexing, dereplication, chimera removal, 

and re-mapping of Operational Taxonomic Units 
(OTUs) through a simple single file command 
line interface. Taxonomy of OTUs was assigned 
using BOLDigger (Buchner & Leese, 2020). Fi-
nally, negative control subtraction and read filter 
were removed using TaxonTableTools (Macher et 
al., 2021). Using these tools, different threshold 
filters were applied to the results to increase relia-
bility. In particular, LULU filtering was used with 
a 97% similarity threshold (common in LULU) 
to reduce data noise by identifying and merging 
rare, similar sequences with more abundant ones, 
minimizing errors in species identification.

Biotic indices

IBMWP (based on macroinvertebrate richness 
and the tolerance to organic pollution of each 
family, Alba-Tercedor et al., 2002), family rich-
ness and IASPT (based on the mean tolerance to 
organic pollution in the macroinvertebrate com-
munity, Alba-Tercedor & Sánchez-Ortega, 1988) 
were used to determine the biological quality 
(Rico et al., 1992). All biological quality indices 
were calculated using the “biomonitoR” package 
(Laini et al., 2022) in R version 4.3.1 (R Core 
Team, 2021).

Statistical analysis 

The differences in community composition be-
tween methods were assessed through non-met-
ric Multidimensional Scaling (NMDS), using 
Jaccard dissimilarity matrices based on family 
presence/absence, and the Analysis of Similarity 
(ANOSIM), using the “vegan” package (Oksanen 
et al., 2015). Then, Venn diagrams were plotted 
using the “ggVennDiagram” package (Gao et al., 
2021) to visually assess the overlap of taxa com-
position across methods. All graphs were pro-
duced using the “ggplot2” package (Wickham, 
2024). Repeated ANOVA Type III tests for unbal-
anced and non-independent data were performed 
to detect differences in biological indices (IBM-
WP, family richness, IASPT) between methods 
and time since disconnection using the “car” 
package (Fox & Weisberg, 2019). The Dunnett’s 
test from the “DescTools” package (Signorell & 
et al. al., 2017) was used as a non-balanced post-
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hoc analysis to test differences between methods, 
using the morphological method as control.

RESULTS

Metabarcoding analyses generated 7.19 million 
reads in three libraries. Of these, 6.96 million 
passed the quality filter. Following bioinformat-
ic processing and cleaning of the raw data with 
negative controls, 1016 OTUs were obtained. The 
OTUs sequenced in most of the negative controls 
showed a low number of reads (between 1 and 
15), with only two OTUs presenting a high num-
ber of reads (58 and 90). The negative controls of 
the DNA extraction detected 121 OTUs, most of 
them with a low number of reads (between 1 and 
15) and 4 OTUs with a number of reads ranging 
between 16 and 51. Lastly, PCR-negative controls 
yielded 56 OTUs, all of them with a low number 
of reads (between 1 and 15). These reads were 
subtracted from all samples to ensure accurate 
downstream analyses. We detected unequal se-
quencing depth for the bulk DNA method and the 
sediment eDNA, with seven times more reads in 
bulk than in sediment eDNA sequencing (Tables 
S1 and S2, supplementary information, available 
at https://www.limnetica.net/en/limnetica). Some 
OTUs were removed after taxonomic assignment 
because they were not assigned to freshwater 
macroinvertebrates (i.e., bacteria, fungi, dia-
toms), resulting in 489 OTUs. After the filtration 
process, more than 140 OTUs were assigned to 
the family Chironomidae, being the most diverse. 
It was followed by Naididae, Ceratopogoniidae, 
Cyprididae, Dytiscidae, and Baetidae (Figure S1, 
supplementary information, available at https://
www.limnetica.net/en/limnetica). Caenidae pre-
sented the highest percentage of reads, followed 
by Naididae, Chironomidae, Gomphidae, Sim-
uliidae, Baetidae, and Dytiscideae (Figure S2, 
supplementary information, available at https://
www.limnetica.net/en/limnetica). Furthermore, 
sediment eDNA detected more families than 
bulk DNA, and the river with more intermitten-
cy (Daró) showed a higher number of taxa than 
the more permanent one (Vallcebre) (Figure S3, 
supplementary information, available at https://
www.limnetica.net/en/limnetica). 

There was a 43% overlap between the mor-

phological and sediment eDNA methods, where-
as the morphological and the bulk DNA methods 
shared 61% of the families (Fig. 2a). Finally, sed-
iment eDNA shared 53% families with the bulk 
DNA (Fig. 2a). The bulk DNA was the most ef-

Figure 2. Assessment of effectiveness in capturing community 
composition among morphological methods (red), bulk DNA 
(yellow) and sediment eDNA (green) at family level. a) Venn 
diagram presents 41% of taxa overlap between all methods. 
b) Non-Metric Multidimensional Scaling (NMDS) based on 
the Jaccard index show significant differences among methods 
(ANOSIM R2 =0.36; p value< 0.001). Evaluación de la efi-
cacia en la captura de la composición de la comunidad entre 
métodos morfológicos (rojo), ADN masivo (amarillo) y ADNe 
de sedimento (verde) a nivel de familia. a) El diagrama de 
Venn presenta un 41% de superposición de taxones entre todos 
los métodos. b) El Escalamiento Multidimensional No Métrico 
(NMDS) basado en el índice de Jaccard muestra diferencias 
significativas entre métodos (ANOSIM R2 =0,36; valor de p< 
0.001).
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fective method in terms of taxa detection (85% of 
all detected taxa), followed by the morphological 
method (69%) and sediment eDNA (61%) (Fig. 
2a). According to ANOSIM, there were strong 
differences between methods in terms of the 
community composition (p-value=0.001, stress: 
0.1348, Fig. 2b). 

None of the three calculated indices (IBM-
WP, family richness, IASPT) responded strong-
ly to the disconnection time (ANOVAs; method: 

disconnection time, p>0.1), but values of family 
richness and IBMWP differed by sampling meth-
od (ANOVAs, method, p<0.001; Fig. 3). Particu-
larly, there were differences in family richness 
and IBMWP between the morphological method 
and the sediment eDNA (Dunnett’s test, p≤0.001; 
Fig. 3), and no differences between the morpho-
logical method and the bulk DNA method (Dun-
nett’s test, p>0.05; Fig. 3). Only IASPT showed 
no differences across the three methods.

Sediment eDNA samples presented strong 
differences in community composition between 
the two rivers that had disconnected pools (Daró 
and Talamanca) and Vallcebre, which never got 
disconnected (Fig. 4). These differences were 
not only due to habitat disconnection but also to 
differences in the sequencing depth across sam-
pling sites. The detected OTUs were grouped 
into four taxa categories: EPT (Ephemeroptera, 
Plecoptera, Trichoptera), GOLD (Gasteropoda, 
OLigochaeta and Diptera), OCC (Ostracoda, Cla-
docera, Copepoda), and OCH (Odonata, Coleop-
tera, Hemiptera). EPT taxa were most abundant 
in July and August, gradually declining as habitat 
conditions shifted, signaling their sensitivity to 
flow changes. Conversely, OCH taxa increased in 
September and October, reflecting their ability to 
thrive under lentic conditions as habitats evolved. 
GOLD were abundant across the sampling peri-
od, especially in Daró 1 and 2, indicating their 
stability within these habitats. OCC taxa followed 
a similar pattern to OCH, with their presence in-
creasing in September and October. On the con-
trary, in Vallcebre, where the river is permanently 
connected, OCC remained low and consistently 
present.

DISCUSSION

The different molecular methods tested yielded 
different results in terms of community composi-
tion. Although the communities identified by the 
bulk DNA and the morphological methods were 
highly similar, sediment eDNA failed to detect 26 
% of taxa detected by them. This is likely due to 
the sequencing depth of eDNA samples collected 
from the sediment, up to seven times lower than 
in bulk samples. This aligns with findings from 
other studies, which report the complementarity 

Figure 3. Boxplot for biological indices of macroinvertebrates 
(IBMWP, family richness, and IASPT) concerning the diffe-
rent methods: morphological methods (red), bulk DNA (ye-
llow), and sediment eDNA (green). The median values (cen-
tral dark line), 25th and 75th percentile values (box), and the 
maximum and minimum values are shown. (***) Post-hoc p 
value<0.001. Diagrama de cajas para los índices biológicos 
de macroinvertebrados (IBMWP, riqueza familiar e IASPT) re-
lacionados con los diferentes métodos: métodos morfológicos 
(rojo), ADN masivo (amarillo) y ADNe de sedimentos (verde). 
Se muestran los valores de la mediana (línea oscura central), 
los valores de los percentiles 25 y 75 (cuadro) y los valores 
máximo y mínimo. (***) Valor p post-hoc<0.001.
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between morphological methods and eDNA ap-
proaches (Keck et al., 2022, Múrria et al., 2024). 
We also found differences in IBMWP and family 
richness between methods (especially for sedi-
ment eDNA). On the contrary, for IASTP, there 
were no significant discrepancies between meth-
ods. This could be explained by the differences in 
the design of the IASPT and IBMWP indices. As 
shown by Zamora-Muñoz et al. (1995), the IBM-
WP index is more dependent on sampling effort 
than the IASPT, which focuses on the average 
sensitivity of macroinvertebrate communities to 
organic pollution. The bulk DNA metabarcoding 
enables the identification of macroinvertebrate 
communities with a degree of accuracy compa-
rable to that achieved by morphological methods. 
However, the intrinsic constraints inherent to bulk 
DNA methodology (e.g., destructive, time-con-
suming Mächler et al., 2014) limit its application 

in TR biomonitoring. Despite capturing a lower 
number of taxa, eDNA enabled the detection of 
complementary communities coexisting with 
macroinvertebrates in TRs during pool discon-
nection.  Consequently, the taxa captured by sed-
iment eDNA provided useful information for the 
calculation of the IASPT index. It is important to 
notice that morphological biological indexes (i.e., 
IBMWP, family richness, and IASPT) are not de-
signed to be used in TRs, and their efficiency in 
detecting anthropogenic impacts is limited (Ersoy 
et al., 2024). 

Our results on the effect of the disconnection 
process derived from eDNA methodologies agree 
with studies that identified macroinvertebrates 
using morphological methods. As shown by oth-
ers, the decline of EPT taxa over disconnection 
time suggests that many of these taxa lack the 
strategies to cope with drying conditions (Soria 

 

Figure 4. Temporal change in taxonomic composition of sediment eDNA at six pools every 15 days from June to October: Daró 1 and 
2 (siliceous-dry Mediterranean climate), Talamanca 1 and 2 (calcareous-dry Mediterranean climate) and Vallcebre (calcareous-humid 
Mediterranean climate). Cambio temporal en la composición taxonómica del eDNA de sedimento en seis pozas desconectadas, mues-
treadas cada 15 días entre junio y octubre: Daró 1 y 2 (clima mediterráneo seco-silíceo), Talamanca 1 y 2 (clima mediterráneo se-
co-calcáreo) y Vallcebre (clima mediterráneo calcáreo-húmedo). EPT (Ephemeroptera, Plecoptera y Trichoptera taxa); GOLD (Gas-
teropoda, Oligochaeta y Dipera taxa); OCC (Ostracoda, Cladocera y Copepoda taxa); OCH (Odonata, Coleoptera y Heteroptera taxa).
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et al., 2020; Bonada et al., 2020). In contrast, 
the increase of OCH and OCC taxa supports the 
idea that certain groups are resistant to hydrolog-
ical fluctuations (Crabot et al., 2021; Soria et al., 
2017). Many Ostracoda and Cladocera are com-
monly found in temporary water bodies (Agu-
ilar-Alberola & Mesquita-Joanes, 2011; Boix 
et al., 2016). Concordantly, in Vallcebre, where 
hydrological conditions remained stable, OCC 
taxa were present in lower abundances. Overall, 
our results support the use of eDNA for assessing 
community dynamics in TRs, providing a com-
plementary approach to morphological methods.

Meiofauna (that include a large proportion of 
OCC taxa; Bonada & Bogan, 2024) is typically 
under-represented in biomonitoring programs 
(Stubbington, et al., 2017). However, they consti-
tute an important component of the benthic fauna 
in TRs (Bonada & Bogan, 2024). Thus, the com-
bination and complementarity of macroinverte-
brate and meiofauna in biotic indices (e.g., Boix 
et al., 2005; Jiménez Palomar, 2012) could pro-
vide a significant improvement for biomonitoring 
disconnected pools.  In this regard, eDNA offers 
a cost-effective approach that should be further 
explored (Bonada et al., 2024). 

Despite the advantages of using eDNA meth-
ods in TRs, our results suggest several challenges 
when applied to the disconnected pools phase. 
Firstly, natural abiotic and biotic factors may af-
fect the concentration of DNA in TRs, thereby af-
fecting its detection by sequencing technologies, 
especially for water eDNA. Abiotic factors such 
as UV-B, pH, salinity, temperature, or the increase 
of microbes activity and DNases production (Col-
lins et al., 2018; Fernández et al., 2019, URycki 
et al., 2024), affect TRs during the disconnection 
process and could result in fast eDNA degradation 
(Strickler et al., 2015). Moreover, low metabolic 
activity (e.g., passive movement) and small body 
size or abundance of some taxa may cause differ-
ences in the detection of macroinvertebrate fam-
ilies (Joseph et al., 2022; Strickler et al., 2015). 
Secondly, the effectiveness of eDNA methods can 
be highly dependent on the methodology used 
(Blancher et al., 2022; Dickie et al., 2018). For 
example, sediment eDNA has lower degradation 
rates, higher concentrations, and is more resist-
ant to degradation than water eDNA (Bruce et al., 

2021). However, sediment eDNA often has high-
er concentrations of PCR-inhibiting compounds 
(e.g., humic acids and tanning agents), which 
are commonly removed using specific DNA ex-
traction methods (Collins et al., 2018). Thirdly, 
other methodological factors related to sample 
processing could harm eDNA detection. For ex-
ample, the absence of water eDNA amplification 
in our results could be due to transportation, fil-
tration techniques, insufficient preservation, or 
insufficient volume of water filtered (Bruce et 
al., 2021, Urycki et al., 2024). While we did not 
filter the samples on the same day of collection, 
it is highly recommended to do so to prevent 
DNA degradation (Goldberg et al., 2016). The 
longer the time between sampling and filtering, 
even if samples are frozen, the higher the water 
eDNA degradation (Yamanaka et al., 2016). We 
also did not normalize the DNA concentrations 
of the samples we analyzed, which should be 
considered in the future to maximize the compa-
rability of the results.  Finally, target primers are 
being designed to optimize the identification of 
macroinvertebrates and prepared for their use in 
standardized biomonitoring programs. For exam-
ple, the use of freshwater primers (fwhF2-EPT-
DR2N, 142 bp) may decrease non-target se-
quences by 99% (Leese et al., 2021), yet it also 
limits the number of detectable invertebrate taxa 
due to the lower degeneracy.

In conclusion, sediment eDNA captured few-
er taxa compared to morphological and bulk 
DNA metabarcoding methods, likely due to 
methodological constraints, particularly the low 
sequencing depths per sample. Despite this lim-
itation, the information gathered was useful for 
calculating the IASPT index. Also, the utilization 
of eDNA from sediments enabled the identifica-
tion of meiofauna, a biological group that has 
been largely overlooked in conventional moni-
toring programs. While eDNA offers significant 
advantages for monitoring TRs, the presence of 
abiotic factors (e.g., UV-B, pH, salinity, temper-
ature) and biological factors (microbial activity) 
during the disconnection phase can impede its 
detection. Our study highlights the potential of 
eDNA methods to enhance bioassessment in TRs 
and deepen our understanding of community dy-
namics in these ecosystems.
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