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Assessment of abundance and
community composition of
benthic macroinvertebrates:

recommendations for improved sampling, fixation
and extraction of oligochaetes

Evaluation de I'abondance et de
la composition des communautés
de macroinvertébrés benthiques:

recommandations pour améliorer les méthodes
d'échantillonnage, de fixation et d'extraction
des oligochétes

Régis VIVIEN'" *, Michel LAFONT? and Benoit J.D. FERRARI'

Ms. received the 22nd September 2019, accepted the 28th July 2020

I Abstract

For several decades, the abundance and community structure of benthic macroinvertebrates have been studied to assess
the biological quality of aquatic ecosystems. Procedures aiming at studying the whole of macroinvertebrate communities
were mainly designed for the evaluation of the diversity of insects at a site and are not adapted for assessing the effect of
environmental factors on the community structure and abundance of specimen from other taxonomic groups, including
oligochaetes. However, oligochaete abundance and community composition resulting from the implementation of such
procedures have sometimes been used for establishing/complementing ecological diagnoses. Here, we propose a number
of procedure adaptations, from the choice of the studied habitat, mesh sizes for the net and sieve, fixation of samples, to
the sorting of specimens. Following these recommendations will allow to properly assess the effect of environmental factors
on the abundance and community composition of oligochaetes at each of the sampled sites as well as make comparisons
between sites possible. If procedures described herein are not adapted for the study of the whole macroinvertebrate fauna,
oligochaetes and the other macroinvertebrates should be analyzed separately.

Keywords: Biomonitoring, Benthic macroinvertebrates; Oligochaetes; Sampling, Sample treatment

I Résumé

Depuis plusieurs décennies, les abondances et la structure des communautés de macroinvertébrés benthiques ont été étudiées
pour évaluer la qualité biologique des écosystemes aquatiques. Les procédures visant a étudier I'ensemble des communautés
de macroinvertébrés ont été principalement congues pour I'évaluation de la diversité des insectes sur I'ensemble d’un site et
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ne sont pas adaptées pour évaluer I'effet de facteurs environnementaux sur la structure des communautés et I'abondance
de spécimens d‘autres groupes taxonomiques tels que les oligocheétes. Cependant, I'abondance et la composition des com-
munautés des oligochétes résultant de I'application de telles procédures ont parfois été utilisées pour établir/compléter des
diagnostics écologiques. Dans le présent travail, nous suggérons des adaptations des procédures, allant du choix de I’'habitat
étudié au tri des spécimens, en incluant la fixation des échantillons et les tailles du vide de maille du filet et du tamis. Le
suivi de ces recommandations permettra d'évaluer correctement l'effet des facteurs environnementaux sur les peuplements
d’oligochétes (abondance, composition) sur un site et de comparer les résultats obtenus entre les sites. Les oligochétes et les
autres macroinvertébrés devraient étre analysés séparément si les procédures décrites ici n‘étaient pas adaptées pour ['étude
de I'ensemble des macroinvertébrés.

Mots-clés: Biosurveillance,; Macroinvertébrés benthiques,; Oligochétes, Echantillonnage, Traitements des échantillons

I 1. Introduction

For several decades, the abundance and community
structure of benthic macroinvertebrates have been
used as biological markers for the quality of freshwa-
ter ecosystems. Procedures aiming at cataloguing all
of the macroinvertebrates found in a stream or a lake,
or specific groups such as oligochaetes, mollusks
and nematodes, have been developed. For example,
different standardized methods exist for specifically
studying communities and the abundance of aquatic
oligochaetes in fine/sandy sediments in rivers and
lakes (AFNOR 2016, Vivien et al. 2020) as well as in
surficial coarse sediments and in the hyporheic zone
(Vivier 2006, Vivien et al. 2019a). Pictures of a com-
munity of aquatic oligochaetes extracted from one
stream site and of specimens belonging to different
aquatic oligochaete taxa are provided in Figure 1.

Procedures aiming at studying all macroinverte-
brates were mostly conceived to analyze the effect
of environmental factors on the diversity of insects,
that were generally identified at the family or genus
levels. Several standardized methods to investigate
macroinvertebrate communities have been applied
in routine analyses and for research (e.g. Woodiwiss
1964, Verneaux & Tufféry 1967, AFNOR 2004, OFEV
2020). These methods are not suitable for specifically
assessing the effect of environmental factors on the
community structures and abundance of specimen
from other taxonomic groups, and of oligochaetes in
particular. Consequently, oligochaete communities/
abundance are given either no or only very little con-
sideration in most macroinvertebrate studies (e.g.
Pardo et al. 2014, Turley et al. 2016, Serrana et al.
2019). However, oligochaete abundance and commu-
nity composition resulting from the implementation
of macroinvertebrate methodologies have sometimes
been used to establish or complement ecological
diagnoses (e.g. Burdon et al. 2016; 2019, Carew et al.
2018, Aylagas et al. 2018).

Here, we propose a number of procedure adaptations
that should be applied in order to correctly assess
the effect of environmental factors on the abundance
and community structure of oligochaetes and allow
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to compare oligochaete results from different sites.
These adaptations range from the choice of the stud-
ied habitat to the sorting of specimens.

I 2. Recommendations
Sampling: choice of the studied habitat

Macroinvertebrates are generally collected at a site in
several habitats and in various grain sizes, using the
“kick-sampling” technique. The aim of this method
is to sample a majority of taxa, in particular of in-
sects, present at a site (e.g. Burdon et al. 2016, OFEV
2020). Such a sampling procedure is not adequate for
the study of oligochaete for two reasons. First, the
density and community composition of these organ-
isms largely depend upon the habitat structure. For
example, some species are more abundant in coarse
than in fine/sandy sediments (e.g. Chaetogaster
spp., Cernosvitoviella spp.) and inversely (e.g. tubi-
ficids), while oligochaete populations are often larger
in fine/sandy rather than in coarse sediments. Given
the existing variations in structure and composition
of studied habitats, the type of sampling procedure
may significantly influence the results of oligochaete
community composition and abundance. Secondly,
the degree of sensitivity of many oligochaete species
is differently classified in fine/sandy sediments and
in coarse sediments. For example, Pristina spp.,
Nuais elinguis and Lumbricillus spp. are considered
as resistant to pollution in coarse sediments (Vivier
2006, Vivien et al. 2019a) and moderately tolerant to
pollution in fine/sandy sediments. The interpretation
of oligochaete community results is possible only
when oligochaetes are sampled either in fine/sandy
sediments or in coarse sediments. In addition, the
“kick-sampling” technique, which consists to capture
with a net the benthic fauna raised by scratching the
river bed with the foot on a plot equivalent to an area
of one square foot (OFEV, 2020), is not adequate (or
optimal) to determine with precision densities of or-
ganisms and thus to compare abundance of specimen
between sites.

Arch.Sci. (2020) 71: 37-44 1
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In order to properly assess the effects of environ-  to select only one type of habitat (coarse or sandy or
mental factors (e.g. chemical pollution) on the abun-  fine sediments). It is recommended to sample this
dance and community composition of oligochaetes habitat at three different places of a site, and ii) to
and compare results between sites, it is therefore collect sediments on a specific surface using a net, a
essential at each site (Vivier 2006, AFNOR 2016) i)  grab sampler or a core, in order to measure precise

Figure 1. A: Photo of an aquatic oligochaete community of about 100 specimens isolated from one stream site. The
specimens are slightly stained with eosin. The diameter of the Petri dish is 5.1 cm. B-F: Photos of aquatic oligochaete
specimens belonging to the taxa Tubificinae sp. (B), Marionina argentea (Enchytraeidae) (C), Cernosvitoviella
sp. (Enchytraeidae) (D). Chaetogaster diastrophus (Naidinae) (E) and Stylaria lacustris (Naidinae) (F). The
scale bars (all photos) correspond to a length of 100 pm. Specimens shown in D and E are stained with eosin, while
the other specimens are slightly or not stained with eosin. Author: Régis Vivien

I arcHives pes SCIENCESI Arch.Sci. (2020) 71: 37-44 1
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densities of organisms. To obtain a sufficient number
of oligochaete specimens, it is necessary to sample
at least 3 litres of coarse or fine/sandy sediments per
site (1 litre per subsample).

Choice of fixative

Until about fifteen years ago, formalin was com-
monly used for fixing macroinvertebrates (e.g.
AFNOR 2004), and ethanol for preserving the
formalin-fixed organisms. In most studies dealing
with the use of macroinvertebrates for biomon-
itoring, ethanol was then favored over formalin
(e.g. OFEV 2020) because of formalin toxicity to
humans and for better preservation of samples
for later genetic studies. Formalin, which induces
cross linking, irreversible denaturation, modifica-
tion and fragmentation of nucleic acids (Chaw et al.
1980, Tang 2006), was found to be inadequate for
molecular barcoding studies.

However, while ethanol was probably optimal for
fixing insect larvae, insufficient ethanol concen-
trations were reported to induce disintegration
and fragmentation of oligochaete specimens and
therefore to bias density and diversity estimates
(Rodriguez & Reynoldson 2011, Vivien et al. 2018).
In addition, insufficient concentrations of ethanol
during fixation make oligochaetes soft and frag-
ile, and thus vulnerable to sieving. We emphasize
that low ethanol concentrations may also damage
other soft bodied organisms such as leeches or flat-
worms. Macroinvertebrates should therefore always
be fixed and preserved in 270% ethanol (Timm &
Martin 2015). When macroinvertebrates are collect-
ed for genetic studies, organisms should be kept at
4 to 8°C during transport and preserved in concen-
trations of 80 to 96% ethanol and at -20°C when in
laboratory (Timm & Martin 2015) to preserve DNA
from degradation. A direct fixation with 100% eth-
anol should be avoided as it can damage oligochaete
specimens by osmotic shock. It is also important to
emphasize that, unlike specimens treated with for-
malin, the oligochaetes that are fixed and preserved
in ethanol often become soft and fragile when in
contact with water. Therefore, damage and loss
of oligochaete specimens fixed and preserved in
ethanol can occur during the sieving of sediments
and sorting of specimens once immersed in water.
Finally, morphological identification of oligochaetes
is generally easier when organisms were fixed and
preserved in formalin rather than in ethanol. This
was observed during a study in the Swiss Val Roseg
River (Malard et al. 2001), when the presence of
Cernosvitoviella carpatica was only confirmed
when field samples were fixed and preserved in for-
malin (Michel Lafont, pers. com.).
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For collecting macroinvertebrates, several proto-
cols with (e.g. OFEV 2020) or without sieving in the
field (e.g. AFNOR 2004, Pardo et al. 2014) have been
proposed.

When no sieving in the field is performed, the sam-
pled material (either fine or coarse sediments) should
be transferred into a container before being fixed/
preserved preferably with formalin (Table 1). The
risk of using ethanol when large volumes of samples
are collected is the destruction of a number of oligo-
chaete specimens (in contact with low concentrations
of ethanol, see above) normally found in the site,
since it is difficult to rapidly homogenize ethanol con-
centrations throughout sediment samples. The use of
formalin also presents the advantage to require low
volumes of fixative in the field: 4% formalin suffice
for fixation and preservation of organisms, whereas
70 to 100% ethanol concentrations are needed.

By contrast, when samples are elutriated and sieved
in the field (live specimens), it is possible to fix the
smaller volumes of retained material with ethanol
(Table 1). We recommend sorting ethanol-fixed/
preserved oligochaete specimens immersed in etha-
nol and not in water and suggest transferring them
into 4% formalin just before mounting them on slides
to facilitate their morphological identification (see
above). To minimize contaminations, we recommend
using tap instead of river water for field sieving, and
de-chlorinated water should be favored.

While it is possible to sieve on site, we recommend
laboratory sieving. First, sieving in the field can
cause maiming of oligochaete specimens (Timm
& Martin 2015). Secondly, given the rather large
volumes we recommend to sample (at least 3 litres
per site), sieving the sediments once back in the
laboratory is much more convenient, but only when
biological material has been fixed when still on site.
Frequent sieve clogging and abundant oligochaetes
attached to vegetal debris, are other reasons to favor
laboratory sieving. We suggest using b litres contain-
ers and 1 container per site, for transport of sediment
samples to the laboratory.

Formalin fixation does not necessarily inhibit subse-
quent genetic analyses since success of DNA amplifi-
cations largely depends upon the duration of storage
and pH of formalin (Schander & Halanych 2003,
Bucklin & Allen 2004, Baird et al. 2011). For exam-
ple, it has been shown that a cytochrome c¢ oxidase
(COI) gene fragment from oligochaete tissues fixed
in 4% neutral buffered formalin and stored in this
medium for up to one month could be successfully
amplified and sequenced (Vivien et al. 2018). In this
respect, a protocol for preserving oligochaetes using
neutral buffered formalin and describing all the steps

Arch.Sci. (2020) 71: 37-44 1
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from collection of sediments to preservation of bio-
logical materials in absolute ethanol, was proposed in
Vivien et al. (2018).

Because of toxicity, a number of measures must be
taken to protect operators from formalin vapors. In
the field, wearing a mask, protective glasses and
gloves is recommended. In the laboratory, sieving the
samples in a fume hood limits human contact with
formalin vapors. An infrastructure for sieving the
samples, comprising a basin and a showerhead, can be
installed in most fume hoods. A substitute to formalin
is being actively searched for, including in the medi-
cal field (e.g. Bussolati et al. 2017, Sarot et al. 2017),
and testing of these proposed formalin-substitutes
for fixing macroinvertebrates should be regularly
carried out. Since ethanol vapors are most probably
not harmless either, sorting macroinvertebrates fixed
and preserved in ethanol should also be carried out
in well ventilated premises. With the development
of bioindication methods based on DNA analyses of
environmental samples (Cordier et al. 2017, Paw-
lowski et al. 2018), the use of harmful fixatives might
be considerably reduced in the future. Such methods,
still under development for oligochaete communities,
are promising (Vivien et al. 2017; 2019b).

Mesh-sizes of the net and sieve

The standard mesh size of 0.5 to 1 mm for nets
commonly used for sampling macroinvertebrates
(AFNOR 2004, Turley et al. 2016, Aylagas et al. 2018,
OFEV 2020) is not adequate for sampling oligochae-
tes, since many specimens have diameters lower than
0.5 mm. This important issue that was already raised
by Nalepa & Robertson (1981), should call for a mesh
size of nets of maximum 0.25 mm for sampling oli-
gochaetes (AFNOR 2016) (Table 1). The maximum
mesh size for sieving sediments containing live spec-
imens is also 0.25 mm. However, during the sieving
procedure in the laboratory (fixed material), a sieve
mesh size equal or superior to 0.25 mm but not larg-
er than 0.5 mm is appropriate as oligochaetes fixed
in formalin or 270% ethanol are rigid and coiled.
In fact, the optimal mesh size of the sieve depends
upon the type of sample that is being analyzed. For
example, while a mesh size of 0.5 mm is acceptable
for fine/sandy sediments since a large majority of
sampled specimens is retained (Rosso et al. 1994,
AFNOR 2016), a mesh size no greater than 0.25 mm
is recommended for samples from coarse sediments
(Vivier 2006). In these samples an important part of
very small specimens belonging to taxa such as Cer-
nosvitoviella spp., Nais spp. and Chaetogaster Spp.
are generally present and their abundance could be
underestimated when using a mesh size greater than
0.25 mm. Furthermore, as the field sieving of fine/
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sandy sediments using the mesh size of 0.25 mm will
generally retain large quantities of non-biological ma-
terial, it is necessary, once the sample has been fixed
with formalin or >270% ethanol, to sieve one more
time in the laboratory using a mesh size of 0.5 mm.

Sorting of specimens

The sorting of specimens should be performed in the
laboratory using a stereomicroscope and once organ-
isms have been fixed. Sorting of live specimens in the
field, as was suggested in the Rapid Bioassessment
Protocols developed by EPA Victoria (Carew et al.
2018, EPA Victoria 2003), is unsuitable for oligochae-
tes since they are only visible under a stereomicro-
scope, except for big specimens of a few species. In
addition, fixed specimens are faster and easier to sort
than live specimens.

I 3. Discussion, Conclusion

Here we have reviewed some of the problems encoun-
tered during the studies of oligochaete communities
and abundance when using procedures designed for
whole macroinvertebrate communities. Although
these procedures are well suited to evaluate the
diversity of insects at a site, they are not adapted for
assessing the effects of environmental factors on the
abundance and community structure of oligochaetes.
To address this issue, we proposed to implement a
number of adaptations to the sampling, fixation and
extraction of oligochaetes.

We are aware these procedure adaptations may not
necessarily be compatible for studying the diver-
sity of certain macroinvertebrates, including that
of insect larvae. For example, the collection of all
macroinvertebrates in only one type of habitat per
site could lead to underestimating their biodiversi-
ty, which may have significant consequences on the
final biological quality diagnostics for the sampled
sites. However, other recommendations such as the
use of lower net and sieve mesh sizes and of neutral
buffered formalin instead of ethanol for genetic
identifications could be suitable for the study of all
macroinvertebrates (Vivien et al. 2018). Oligochaetes
and whole macroinvertebrates should be analyzed
separately when the procedures we recommend
implementing are not fully adapted for studying the
targeted macroinvertebrates.

The study of oligochaete communities/abundance
allows the ecological diagnoses established based
on the analysis of whole macroinvertebrates (in
particular, insects) to be efficiently complemented
by providing, for example, information on the causes

Arch.Sci. (2020) 71: 37-441
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of environmental disturbances or by revealing the
presence of chemical pollutions (Lafont et al. 2001,
Vivien et al. 2015; 2019a; 2020). Therefore, we
strongly encourage researchers to carefully consid-
er the importance of oligochaete populations during
macroinvertebrate studies. By following the various
recommendations outlined above, analyses of oligo-
chaete abundance and community composition for
one site will be robust and reliable, and thus appro-
priate when several sites need to be compared. This
will guarantee a sound evaluation of the impact of
environmental factors on this particular taxonomic

group.

References

Régis VIVIEN et al. 1 431

I Acknowledgments

We thank Xavier Perret for proofreading the man-
uscript and for his valuable comments and Andrew
Clarke for correcting and improving the English of
the manuscript.

E AFNOR., 2004. Qualité de I'eau. Détermination de I'indice biologique global normalisé (IBGN), Association francaise de normalisation

(AFNOR), Norme NF T90-350. France

=2

AFNOR., 2016. Qualité de I'eau — échantillonnage, traitement et analyse des oligochétes dans les sédiments des eaux de surface

continentales. Association francaise de normalisation (AFNOR), Norme NF T 90-393. France: 14pp. + annexes.

I Aylagas E., Borja A., Muxika, I. & Rodriguez-Ezpeleta N., 2018. Adapting metabarcoding-based benthic biomonitoring into
routine marine ecological status assessment networks. Ecological Indicators 95: 194-202.

I Baird D., Pascoe T.J., Zhou X. & Hajibabaei, M., 2011. Building freshwater macroinvertebrate DNA-barcode libraries from
reference collection material: formalin preservation vs specimen age. Journal of the North American Benthological Society 30: 125-30.

Bucklin A. & Allen L.D., 2004. MtDNA sequencing from zooplankton after long-term preservation in buffered formalin.

Molecular, Phylogenetics and Evolution 30: 879-82.

I Burdon F.J., Reyes M., Alder A.C., Joss A., Ort C., Rdsédnen K.,...Stamm, C., 2016. Environmental context and magnitude of
disturbance influence trait-mediated community responses to wastewater in streams. Ecology and Evolution 6: 3923-3939.

https://doi.org/10.1002/ece3.2165

Lo

Burdon F.J., Munz N.A., Reyes M., Focks A., Joss A., Rdsénen K.,... Stamm, C., 2019. Agriculture versus wastewater

pollution as drivers of macroinvertebrate community structure in streams. Science of the Total Environment 659: 1256-1265.

https://doi.org/10.1016/j.scitotenv.2018.12.372

Bussolati G., Annaratone L., Berrino E., Miglio U., Panero M., Cupo M.,... Marchio C., 2017. Acid-free glyoxal as a
substitute of formalin for structural and molecular preservation in tissue samples. PLoS ONE 12(8): e0182965.

https://doi.org/10.1371/journal.pone.0182965

I Carew M.E., Kellar C.R., Petitgrove V.J. & Hoffmann A.A., 2018. Can high-throughput sequencing detect macroinvertebrate
diversity for routine monitoring of an urban river? Ecological indicators 85: 440-450.

e

nucleic acids. Biochemistry 19: 5525-5531.

Chaw Y.F.M., Crane L.E., Lange P. & Shapiro R., 1980. Isolation and identification of cross-links from formaldehyde-treated

I Cordier T., Esling P., Lejzerowicz F., Visco J., Ouadahi A., Martins C.,... Pawlowski J., 2017. Predicting the ecological

larcHIVEs Des SCIENCESI

quality status of marine environments from eDNA metabarcoding data using supervised machine learning. Environmental Science &
Technology 637-638: 1295-1310. https://doi.org/10.1021/acs.est.7b01518 (acs.est.7b01518).

EPA Victoria., 2003. Rapid bioassessment methodology for rivers and streams. Guideline for environmental management, Southbank,
Victoria, Australia. Available at https://www.epa.vic.gov.au/~/media/Publications/604%201.pdf (accessed on 29 July 2019)

Lafont M., Camus J.C., Fournier A. & Sourp E., 2001. A practical concept for the ecological assessment of aquatic ecosystems:
application on the river Dore in France. Aquatic Ecology 35: 195-2005.

Malard F., Lafont M., Burgherr P. & Ward J.V., 2001. A Comparison of Longitudinal Patterns in Hyporheic and Benthic Oligochaete
Assemblages in a Glacial River. Arctic, Antarctic, and Alpine Research 33: 457-466. DOI:10.1080/15230430.2001.12003455

Nalepa T.F. & Robertson A., 1981. Screen mesh-size affects estimates of macro- and meio- benthos abundance and biomass in the
Great Lakes. Canadian Journal of Fisheries and Aquatic Sciences 38: 1027-1034.

OFEV, 2020. Méthodes d‘analyse et d'appréciation des cours d'eau. Macrozoobenthos — niveau R. Etat 2019. Office fédéral de
I'environnement OFEV, Berne, Suisse

Pardo I., Gomez-Rodriguez C., Abrain R., Garcia-Rosellé E. & Reynoldson T.B., 2014. An invertebrate predictive model
(NORTI) for streams and rivers: Sensitivity of the model in detecting stress gradients. Ecological indicators 45: 51-62.

Arch.Sci. (2020) 71: 37-441



1441 Régis VIVIEN et al. Evaluation de I'abondance et de la composition des communautés de macroinvertébrés benthiques |

Pawlowski J., Kelly-Quinn M., Altermatt F., Apothéloz-Perret-Gentil L., Beja P., Boggero A., ... Kahlert M., 2018. The
future of biotic indices in the ecogenomic era: integrating (e) DNA metabarcoding in biological assessment of aquatic ecosystems.
Science of the Total Environment 637-638: 1295-1310. https://doi.org/10.1016/j.scitotenv.2018.05.002

Rodriguez P. & Reynoldson T.B., 2011. The Pollution Biology of Aquatic Oligochaetes. Ed. Springer Science+Business Media:

224 pp. + annexes

Rosso A., Lafont M. & Exinger A., 1994. Impact of heavy metals on benthic oligochaete communities in the River Il and its
tributaries. Water Science and Technology 29: 241-248.

Sarot E., Carillo-Baraglioli M.F., Duranthon F., Péquignot A. & Pyronnet S., 2017. Assessment of alternatives to environmental
toxic formalin for DNA conservation in biological specimens. Environmental Science and Pollution Research 24: 16985-16993.
Schander C. & Halanych K.M., 2003. DNA, PCR and formalinized animal tissue — a short review and protocols.

Organisms, Diversity and Evolution 3: 195-205.

Serrana J.M., Miyake Y., Gamboa M. & Watanabe K., 2019. Comparison of DNA metabarcoding and morphological
identification for stream macroinvertebrate biodiversity assessment and monitoring. Ecological Indicators 101: 963-972.

Tang P.Y., 2006. Path to Effective Recovering of DNA from Formalin-Fixed Biological Samples in Natural History Collections, Workshop
Summary, National Research Council. Washington: The National Academies Press.

Timm T. & Martin P.J., 2015. Clitellata: Oligochaeta. In: Thorp J, Rogers DC, eds. Ecology and General Biology: Thorp and Covich’s
Freshwater Invertebrates. Cambridge: Academic Press, 529-49.

Turley M.D., Bilotta G.S., Chadd R.P., Extence C.A., Brazier R.E., Burnside N.G. & Pickwell A.G.G., 2016.

A sediment-specific family-level biomonitoring tool to identify the impacts of fine sediment in temperate rivers and streams.
Ecological Indlicators 70: 151-165.

Verneaux J. & Tuffery G., 1967. Une méthode zoologique pratique de détermination de la qualité biologique des eaux courantes.
Indices biotiques. Annales scientifiques de I'Université de Besancon. Zoologie et physiologie 3: 79-90.

Vivien R., Lafont M. & Ferrari J.D., 2015. Utilisation des communautés d'oligochétes pour I'évaluation de la qualité biologique et
du fonctionnement des cours d’eau: un bilan a partir de données genevoises (Suisse). Archives des Sciences 68: 105-116.

Vivien R., Holzmann M., Werner I., Pawlowski J., Lafont M. & Ferrari B.J.D., 2017. Cytochrome c oxidase barcodes for
aquatic oligochaete identification: development of a Swiss reference database. Peer/ 5:¢4122

Vivien R., Werner |. & Ferrari B.J.D., 2018. Simultaneous preservation of the DNA quality, the community composition and the
density of aquatic oligochaetes for the development of genetically based biological indices. Peer/ 6:¢6050

Vivien R., Lafont M., Werner I. & Ferrari B.J.D., 2019a. Assessment of the effects of wastewater treatment plant effluents on
receiving streams using oligochaete communities of the porous matrix. Knowledge and management of aquatic ecosystems 420, 18
VivienR., Apothéloz-Perret-Gentil L., Pawlowski J., Werner I. & Ferrari B.J.D., 2019b. Testing different metabarcoding
approaches to assess aquatic oligochaete diversity and the biological quality of sediments. Ecological Indicators 106, 105453
Vivien R., Casado-Martinez C., Lafont M., & Ferrari B. J. D. 2020. Effect thresholds of metals in stream sediments based on
in situ oligochaete communities. Environments 7, 31. https://doi.org/10.3390/environments7040031

Vivier A., 2006. Effets écologiques de rejets urbains de temps de pluie sur deux cours d'eau périurbains de I'ouest lyonnais et un
ruisseau phréatique en plaine d'Alsace. Thesis, L.P. University, Strasbourg, France, 208 pp.

Woodiwiss F.S., 1964. The biological system of stream classification used by the Trend River. Chemistry Industry 14: 443-447.

larcHives pes SCIENCESI Arch.Sci. (2020) 71: 37-44 |



	Assessment of abundance and community composition of benthic macroinvertebrates : recommendations for improved sampling, fixation and extraction of oligochaetes = Evaluation de l'abondance et de la composition des communautés de macroinvertébrés benthiques : recommandations pour améliorer les méthodes d'échantillonnage, de fixation et d'extraction des oligochètes

