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ARTICLE INFO ABSTRACT
Editor: Jay Gan Since the start of the production of plastic, synthetic polymers have littered our world. Early observations of this

pollution, however, are scarce, and little is known of the history of environmental microplastics, especially in
freshwater ecosystems. We studied this history retrospectively by analysing material from natural history col-
lections. Since the 1950s, pieces of microplastic may have unintentionally been collected along with freshwater
specimens. In the collection of Naturalis Biodiversity Center, Leiden, The Netherlands, we found early cases of
animals that incorporated bits of plastic in their structures. Caddisflies are known to construct larval casings,
normally made from fragments of vegetation or grains of sediment, but now that we live in the Anthropocene,
caddisflies also have microplastics at their disposal as building materials.

Here we present the oldest known casing of a caddisfly with microplastics incorporated, shifting the first
known occurrence of this behaviour from 2018 to 1971, 47 years before the previous first reported finding.
Tellingly, 1971 was also the year in which the first microplastics were discovered. The caddisfly casings
examined here were not found in heavily urbanised places or polluted rivers, but in the springs of small natural
streams with pristine groundwater, indicating that creeks were already polluted with microplastic right at the
source. The particles suspected to be artificial were analysed with Energy Dispersive X-rays (EDX); this revealed
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titanium, barium, sulphur, zinc, chlorine, and lead - an elemental composition of common plastic additives in
agreement with what has been previously reported for microplastics. Our study highlights the importance of the
preservation of long-term time series in natural history collections and implies that microplastics have been
impacting freshwater species for more than 50 years, and continue to do so on an increasing scale, as the amount

of produced plastic keeps rising.

1. Introduction

Plastic production reached almost 500 million metric tons (Mt) in
2022 (Williams and Rangel-Buitrago, 2022). As a result, extrapolated
projections show continued exponential growth of the amount of plastic
waste generated, quadrupling to more than 25,000 Mt. by 2050 (Geyer
et al., 2017). Macro-sized littered items may fragment over time due to
processes such as photo-degradation, thereby degrading into in small,
ubiquitous plastic particles. Such synthetic polymers, less than 5 mm in
size, are widely defined as microplastics (Moore, 2008; Thompson et al.,
2009).

Plastic particles are nowadays found throughout the abiotic and bi-
otic components of the environment (Besseling et al., 2015; Van Cau-
wenberghe et al., 2013; Napper et al., 2020; Thrift et al., 2022). For
example, the 5.25 trillion or more plastic particles that are floating at
sea, 92.4 % consists of microplastic (Eriksen et al., 2014). Only recently
have researchers recognized the comparative lack of studies on micro-
plastics in freshwater environments (Horton et al., 2017). Less than 4 %
of microplastics-related studies are reportedly associated with fresh-
waters (Lambert and Wagner, 2018), even though rivers are one of the
largest contributors of microplastics to marine systems (Lebreton et al.,
2017). While recently more studies have focused on freshwater, early
observations are scarce and little is known of the history of freshwater
microplastic pollution, as this is difficult to investigate retrospectively.
Fortunately, museum collections can provide insight into freshwater
pollution levels of the past (llechukwu et al., 2023; Hou et al., 2021;
Toner and Midway, 2021), and all reported microplastic particles from
the past help piece together the history of this pollutant.

Since the 1950's, pieces of microplastic have unintentionally been
collected along with natural history specimens for research. Here we
looked at collections in search of early cases of animals that gathered
bits of plastic.

The insect order Trichoptera, or caddisflies, are known for the cas-
ings they make in their aquatic larval stage. Many caddisfly larvae build
these portable casings of hard particles like sand grains and small rocks,
as well as organic components such as leaves, bark or other plant ma-
terial (Holzenthal et al., 2015). Only recently, the first caddisfly casings
were found in the wild that included non-natural materials (Diaz, 2018;
Tibbetts et al., 2018; Ehlers et al., 2019). A Limnephilus larva, collected
in a polluted river section in Spain, included two brightly coloured
particles in its casing, which are referred to as ‘plastic fragments’, as
reported in the thesis of Diaz (2018). During the same period, micro-
plastics were also reported in caddisfly cases in England, specifically
found in the upper River Tame catchment, as first published in a peer-
reviewed journal by Tibbetts et al. (2018). Ehlers et al. (2019) pre-
sented the first polymer type analysis of artificial particles in caddisflies,
therefore definitively proving that caddisfly larvae incorporate micro-
plastic in their structures. Caddisfly casings with presumed plastic par-
ticles are also being shared on the social media platform Twitter by
citizens and scientists (Kennedy, 2018; South East Rivers Trust, 2018;
Perks, 2019; Alvarez Troncoso, 2020). Besides field studies, multiple
laboratory studies have been conducted to investigate the behaviour of
caddisfly larvae when presented with microplastic particles (Ehlers
et al., 2020; Gallitelli et al., 2021; Valentine et al., 2022).

The artist Hubert Duprat has been experimenting with “the insect's
aesthetic behaviour” since the 1980s, showing that caddisfly larvae will
make casings from, e.g., pearls, diamonds, and tiny rods of gold (Duprat
et al.,, 1998). During the same time as these indoor experiments took

place, field studies by Erman (1986) and Jackson et al. (1999) on the
movement of caddisfly larvae showed also evidence for the incorpora-
tion of plastic particles and glitter in caddisfly casings. In the field ex-
periments by Erman (1986) were in a creek in California, plastic
particles of different colours placed, each colour indicating a different
part of the watercourse. When a caddisfly larva crossed a station, it
could incorporate the plastic particle in its casing. On the basis of the
incorporation of the different coloured plastic particles, the movement
of the caddisfly larvae could be monitored. Also in California, Jackson
et al. (1999) used caddisfly larvae with self-marked glitter casings to be
able to easily track their movement. These studies provided early evi-
dence for the incorporation of artificial particles in caddisfly casings.
However, in these studies, plastic was either actively added to the
stream or to the streamside where they were reared, the question re-
mains when wild caddisfly larvae started integrating microplastics un-
intentionally introduced into their habitat by human activities.

This study aims to analyse caddisfly casings preserved in a natural
history museum to identify early instances of wild caddisfly larvae
incorporating microplastics into their structures and to explore the po-
tential of Trichoptera collections for retrospective studies on environ-
mental microplastic pollution.

2. Methods

Naturalis Biodiversity Center in Leiden, the Netherlands, owns a
large historical caddisfly collection of primarily species collected in the
Netherlands, encompassing specimens either stored dry or preserved in
ethanol. We manually screened caddisfly casings for the presence of
artificial material by passing specimens under a stereomicroscope (Zeiss,
Discovery.V8). All particles on the outer layer of a casing were visually
inspected. Each particle was assessed for potential artificiality by
applying multiple criteria: particle structure (layered, porous, glass-like,
entire surface smooth), size (large or small), shape (films, fibers, frag-
ments, foam, pellets, spheres), and colours uncommon in nature (e.g.
light blue, bright red, bright orange, bright yellow, turquoise, clear
white) (Anderson et al., 2017; Ehlers et al., 2019). Casings for which we
suspected the incorporation of microplastic particles were separated.

We visually checked each of the 359 caddisfly drawers of the dry
collection to assess if they contained juveniles. When suspected artificial
particles were noted, a focus-stacked photograph of the notable particle
was produced. As Raman analysis did not yield usable results to deter-
mine the polymer type, possibly due to degradation, we switched our
analysis to Energy-Dispersive X-ray Spectroscopy (EDX). Individual
casings were mounted on an aluminium SEM stub coated with conduc-
tive adhesive tape to perform chemical characterisation using an energy-
dispersive X-ray microanalyzer (EDX) attached to a JEOL-IT510 LV SEM.
We scanned the candidate particles to see if the detected elements
matched known artificial materials. We used an accelerating voltage of
15 kV, a probe current of 65.0 nA, a work distance of 10 mm and a
pressure of 50 Pa. As a detector we used the Low Vacuum Secondary
Electron Detector: LSED-E with a point measurement duration of 30 s;
the samples were not sputter coated.

Although the caddisfly collection of 1615 jars of caddisflies and
larvae stored on ethanol were not screened systematically, here, too, we
found a sample with multiple casings containing artificial material, for
which we followed the same steps as described above.
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3. Results given in Appendix 1. The casings from the dry collection were partly
without a collection date (n = 198, 36,1 %) and mostly collected from

The dry collection of Naturalis Biodiversity Center contains 549 before the mass production of plastics began, in the 1950s (n = 261,
caddisfly casings, all of which were visually screened for potential 47,5 %). A total of 90 casings (16,4 %) were collected between 1951 and

microplastics. A distribution graph of caddisflies grouped per decade is 2000.
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Fig. 1. a) Casing of Ironoquia dubia (RMNH.INS.1544419) collected on May 18th 1971 in Loenen, The Netherlands. b) The label of the specimen. c) Detail of the
artificial items. d) Detail of the artificial items. Photographs: (A) Auke-Florian Hiemstra, (B—D) Pasquale Ciliberti.
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Fig. 2. Colorized SEM photographs of the artificial particles from the casing of Ironoquia dubia (RMNH.INS.1544419) collected in Loenen, The Netherlands, followed
by EDX mapping visualization of the chemical elements found. The notation ‘-K' refers to the closest shell to the nucleus, ‘-L' and ‘-M' refer to the second and third
shells, respectively. A) Yellow and grey elements, one with a striking fissure, as seen in Fig. 1c. B) The yellow/Gy layered elements, as seen in Fig. 1d. Photographs:
Bertie Joan van Heuven & Auke-Florian Hiemstra.
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Just one casing, in this last category, of Ironoquia dubia (Stephens,
1837), registered with collection number RMNH.INS.1544419 stood out
as anomaly due to striking yellow particles. It was collected by D.C.
Geijkes in Loenen, in the Loenense Beek (Stouten, 1982: 88), Gelderland,
the Netherlands, (see Appendix 2 for a detailed location description).
The casing was collected more than 50 years ago, on May 18th, 1971.

A total of three notable yellow particles were found to be incorpo-
rated in this casing (Fig. 1a). The two particles in Fig. 1c¢ show a striking
shape, a large fissure is present and the edges are straight at one side and
frayed on the other sides. Behind the particle with the fissure (Fig. 1c), a

A
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flat, smooth grey particle is visible. The bright colours, straight edges
and smooth material provide a first indication that those particles could
be plastic. EDX revealed the particles to be rich in sulphur, titanium,
zinc, and barium. A 75x close-up of both the grey and yellow particles,
together with the EDX mapping for all these elements can be seen in
Fig. 2a.

Fig. 1d shows a yellow foamy particle, with a layer of grey material
on top. The particle is irregularly spherical and tiny holes are present in
the material, resembling a type of foam. The appearance of the particle
suggested it to be artificial due to the colouration, the layered build-up,

C

Fig. 3. a) Close-up of casing of Chaetopteryx villosa (RMNH.INS.1635762) collected on May 8th 1986 in Oosterbeek, The Netherlands. b) Detail of the artificial items.
c) Detail of the artificial items. Photographs: Pasquale Ciliberti & Isabel van der Velden.

200 pm
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Fig. 4. Colorized SEM photographs of an artificial particle from the casing of Chaetopteryx villosa (RMNH.INS.1635762) collected in Oosterbeek, The Netherlands,
followed by EDX mapping visualization of the chemical elements found. The notation ‘-K' refers to the closest shell to the nucleus. A) Blue elements as seen in Fig. 3b.
B) The blue elements, as seen in Fig. 3c. Photographs: Bertie Joan van Heuven & Auke-Florian Hiemstra.
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and its structure. EDX analysis revealed it to contain sulphur, titanium,
zinc, barium, and lead. A 90x close-up of the particle, together with the
EDX mapping for all these elements can be seen in Fig. 2b.

Inspection of the wet collection of Naturalis Biodiversity Center
revealed, serendipitously, a peculiar jar (BE.2512473) with Chaetopteryx
villosa (Fabricius, 1798) casings, one of which is depicted in Fig. 3. This
anomaly casing, registered with collection number RMNH.
INS.1635762, was collected in the spring of the Oosterbeek, Gelderland,
the Netherlands, on May 8th 1986, by G.L.N. van Alewijk and R. de Vos
(see Appendix 2 for a detailed location description). Here, Alewijk & de
Vos collected 15 caddisfly casings, stored in a phenoxyethanol jar
registered with collection number BE.100976. In eight of these casings,
one or more blue particles are visible. These other casings are retrievable
with collection number RMNH.INS.1635763, in the collection of Natu-
ralis Biodiversity Center, also in jar BE.2512473. Based on the colora-
tion, shape, and foamy structure (Fig. 3), these incorporated particles
were suspected to be pieces of plastic, possibly originating from packing
or insulation material (Turner, 2020). One of the casings has a large
particle like this attached laterally (Fig. 3b) and two smaller particles of
the same material are incorporated on the ventral side (Fig. 3c). EDX
analysis revealed the particles to contain chlorine and titanium. A 35x
close-up of the particle, together with the EDX mapping for these ele-
ments can be seen in Fig. 4. It should be noted that while Raman analysis
did not yield usable spectra, possibly due to degradation, we did manage
to melt indents in multiple artificial particles, disproving them to be
ceramics, see Appendix 3.

4. Discussion

Here we present, as far as we know, the oldest casing of a caddisfly
with microplastics incorporated, shifting the first known occurrence of
this behaviour from 2018 back to 1971, 47 years before the previous
first reported findings (Diaz, 2018; Ehlers et al., 2019; Tibbetts et al.,
2018). Tellingly, 1971 is the first year in which microplastics were found
(Buchanan, 1971), namely, in water samples from the North Sea con-
taining “embarrassing proportions” of colourful synthetic fibers. Two
subsequent publications in Science, one on the discovery of plastic pal-
lets in the Sargasso Sea, and a second on high densities of these pellets in
coastal waters of New England, fuelled scientific attention to this new
phenomenon (Carpenter and Smith Jr, 1972; Carpenter et al., 1972) and
speculation that such particles could become a significant problem if
plastic production continued to increase. Plastic production increased;
in fact, during that decade, plastics would become the most used ma-
terial worldwide (Millet et al., 2018). The term ‘microplastic’ that is now
used to describe such particles was only coined a few decades later, in
2004 (Thompson et al., 2004). This historical timeline is important to
show that during the time of collection of the 1971 caddisfly, micro-
plastic had not yet been reported for freshwater, and the material had
thus unintentionally found its way into the natural history collection.

The particles here described in caddisfly casings show striking bright
colours that EDX microscopy confirmed as inorganic components. We
found titanium, barium, sulphur, zinc, chlorine, and lead in the blue and
yellow particles, an elemental composition that is in agreement with
what has been reported for microplastics. Fries et al. (2013) describe
titanium, barium, sulphur, and zinc as common plastic additives.
Gniadek and Dabrowska (2019) report that microplastics are rich in ti-
tanium, sulphur, and chloride.

We are the first to discover historic microplastic in freshwater in-
vertebrates from natural history collections. To the best of our knowl-
edge, only two previous papers addressed collection-based research on
freshwater microplastic (Ilechukwu et al., 2023), but both focused on
American riverine fishes (Hou et al., 2021; Toner and Midway, 2021).
The first study showed two fish species that have been collected with
microfibers and microplastic particles since the 1950s (Hou et al., 2021).
A second study resulted in only three pieces of microplastic, encountered
in fishes from Louisiana, collected in 1982, 1996, and 2006 (Toner and
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Midway, 2021); however, the plastic found in our study precedes all
three pieces mentioned. Our current knowledge on environmental
microplastic pollution in freshwater systems is thus very limited, and
more studies like ours on caddisfly larvae may help to further enhance
our perception of this retrospectively.

What makes this freshwater study unique, is that it reflects a first
look at the environmental microplastic pollution of two non-urban sites.
Hou et al. (2021) studied water bodies situated in Chicago's urban and
suburban areas, and the rivers examined by Toner and Midway (2021)
ran through various urban and developed areas, which increased the
likelihood of finding microplastics. In our study, we present freshwater
microplastics in small natural streams and springs (‘sprengen’), that
have provided pristine groundwater to surrounding small towns and
watermills since the 14th century (IJzerman, 1979; IJzerman, 1982).
The label of the casings of caddisfly larvae collected in the vicinity of
Loenen mentions the word ‘bron’ (Fig. 1B), meaning ‘spring’, so it was
found at one of the origins (‘sprengkoppen’) of the Loenense beek
(Stouten, 1982:88). Also the caddisflies collected near Oosterbeek
(Fig. 3) are from Hoog Oorsprong, the spring of the Oorsprongbeek,
indicating that both creeks were already polluted with microplastic at
the source.

Based on just one or a few casings, it is difficult to assess the degree of
microplastic contamination, as each caddisfly species may react differ-
ently to artificial material. Some species prefer natural material, while
other caddisflies preferentially selected plastic material, even in pres-
ence of sufficient natural material (Gallitelli et al., 2021; Valentine et al.,
2022). As for both species presented in the present paper, it is the first
record of building casings with artificial material, it is currently unclear
which category they will ultimately belong to. However, some traits may
hint in a certain direction. The larvae of Chaetopteryx villosa live in
springs, streams, and small rivers, both on stony substrates as well as
between water plants, rough detritus or sand (Wallace et al., 2003;
Schmedtje and Colling, 1996). They are mainly cutters, partly scrapers,
and may occasionally prey on mosquito larvae (Otto, 1993; Speth et al.,
2006). When their preferred leaves are not available, they can also eat
other riparian plants (Wagner, 1991). Interestingly enough, they are
described to be opportunistic, not only in food sources, but also in
construction materials, as their casings are built from rough detritus and
each is formed very differently and irregularly (Higler, 2005; Tempel-
man et al., 2022). This opportunistic behaviour may increase the
chances of a larva incorporating artificial material in its casings. This is
not clearly stated about the larvae of Ironoquia dubia, which live in small
streams that may run dry in summer (Sommerhauser, 1995; Hiley, 1976)
and are considered rheophiles (Schmedtje and Colling, 1996). They are
found between water plants, feed by chopping up plant material, and
normally build their cylindrical, strongly curved casings from leaves
(Graf et al., 2008; Speth et al., 2006; Wallace, 2011; Higler, 2005;
Tempelman et al., 2022), yet appear now to also include artificial
material.

The attachment of artificial material may affect the caddisfly larvae
in different ways. The inclusion of brightly coloured particles (like the
yellow and blue particles reported here) may increase their visibility to
visual predators like fish (Otto and Svensson, 1980). Also, the structural
strength of a mineral grain casing is reduced when partly made with
microplastics (Ehlers et al., 2020). On the other hand, casings made from
leaf litter (like Ironoquia dubia does) may be more robust when con-
structed with polymer particles, providing increased protection
(Valentine et al., 2022). As plastic is a less dense material than mineral
grains, an artificial casing may become more buoyant. This may reduce
their stability in streams with fast-moving water (Konig and Waringer,
2008) where Ironoquia dubia is naturally found and may make larvae
more prone to predation (Ehlers et al., 2020). A more buoyant casing
may, however, offer advantages while capturing prey (Otto, 1987).
Modifying the artificial material, caddisflies are known to chew on
plastic and are even referred to as a driver of microplastic formation
(Valentine et al., 2022), which may result in the ingestion of plastic
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particles (Lopez-Rojo et al., 2020; Windsor et al., 2019; Winkler et al.,
2022). Finally, the prolonged interaction with the plastic once included
in its casing may also result in exposure risk of harmful chemicals and
toxic metals often associated with plastics (Rochman, 2015). How all
these factors balance out for the here reported species is still unknown,
and would require additional research and experiments.

Studying these casings non-destructively, and focussing on bright
colours may imply that we easily could have missed artificial particles
that were natural-coloured, and artificial transparent (colourless) par-
ticles as reported upon in caddisfly cases by Ehlers (et al., 2019) may
have been mistaken here for sand. As we also took the shape and
structure of the particle in account, we hope to have declined this
margin of error, but a visual inspection will likely result in an under-
estimation. As environmental scientists have begun only recently to
study freshwater pollution on the basis of collection material (Hou et al.,
2021; Toner and Midway, 2021), all observations are valuable. We urge
that caddisfly casings from more natural history collections may be
studied, as this may uncover further instances of cases that include
artificial particles. Together, these findings may provide a valuable re-
pository of historical microplastic data. And following Hou et al. (2021),
incorporation of plastic in caddisfly casings might be traced all the way
back to the 1950s. Our study highlights the importance of the preser-
vation of long-term time series in natural history collections, and implies
that microplastics have been impacting freshwater species for more than
50 years, and continue to do so on an increasing scale, as the amount of
produced plastics keeps rising.

CRediT authorship contribution statement

Auke-Florian Hiemstra: Writing — original draft, Visualization,
Investigation, Conceptualization. Isabel van der Velden: Writing —
original draft, Visualization, Investigation. Pasquale Ciliberti: Visual-
ization, Resources. Liliana D'Alba: Methodology. Barbara Gravendeel:
Writing — review & editing, Supervision. Menno Schilthuizen: Writing
— review & editing, Supervision.

Funding

While working on this manuscript, the first author was financially
supported by a PhD grant from Albert Heijn. The authors declare no
competing interests.

Declaration of competing interest

The authors declare that they have no known competing financial
interests or personal relationships that could have appeared to influence
the work reported in this paper.

Acknowledgements

Thanks are due to David Tempelman, Ton van Haaren and Bram
Koese for their identification of specimens of Ironoquia dubia. Hanco
Zwaan preformed the Raman analysis and Bertie Joan van Heuven
helped with EDX scanning. De Bekenstichting, Yolt 1Jzerman and
Maarten Veldhuis provided information on the creeks of the Veluwe.

Appendix A. Supplementary data

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.scitotenv.2025.178947.

Data availability
The caddisfly specimen referred to in this study are retrievable in the

scientific collection of Naturalis Biodiversity Center, Leiden, The
Netherlands.

Science of the Total Environment 974 (2025) 178947
References

Alvarez Troncoso, R. [Roaltron]. (2020, 25 August). Today I found a big piece of plastic
into the case of a #Limnephilidae #caddisfly #trichoptera #microplastics [image
attached] [Tweet]. X. Retrieved May 7, 2024, https://twitter.com/Roaltron/status/
1298211838467944448.

Anderson, P.J., Warrack, S., Langen, V., Challis, J.K., Hanson, M.L., Rennie, M.D., 2017.
Microplastic contamination in Lake Winnipeg, Canada. Environ. Pollut. 225,
223-231.

Besseling, E., Foekema, E.M., Van Franeker, J.A., Leopold, M.F., Kiihn, S., Rebolledo, E.
B., Koelmans, A.A., 2015. Microplastic in a macro filter feeder: humpback whale
Megaptera novaeangliae. Mar. Pollut. Bull. 95 (1), 248-252.

Buchanan, J.B., 1971. Pollution by synthetic fibres. Mar. Pollut. Bull. 2 (2), 23.

Carpenter, E.J., Anderson, S.J., Harvey, G.R., Miklas, H.P., Peck, B.B., 1972. Polystyrene
spherules in coastal waters. Science 178 (4062), 749-750.

Carpenter, E.J., Smith Jr., K.L., 1972. Plastics on the Sargasso Sea surface. Science 175
(4027), 1240-1241.

Diaz, 1.S., 2018. Incorporation of Plastics in Trichopteracases: An Evolutionary Trap?
University of A Coruna, Memoria del Trabajo de Fin de Grado.

Duprat, H., Besson, C., Pleasance, S., 1998. The wonderful caddis worm: sculptural work
in collaboration with Trichoptera. Leonardo 31 (3), 173-177.

Ehlers, S.M., Al Najjar, T., Taupp, T., Koop, J.H., 2020. PVC and PET microplastics in
caddisfly (Lepidostoma basale) cases reduce case stability. Environ. Sci. Pollut. Res.
27, 22380-22389.

Ehlers, S.M., Manz, W., Koop, J.H., 2019. Microplastics of different characteristics are
incorporated into the larval cases of the freshwater caddisfly Lepidostoma basale.
Aquat. Biol. 28, 67-77.

Eriksen, M., Lebreton, L.C., Carson, H.S., Thiel, M., Moore, C.J., Borerro, J.C., Reisser, J.,
2014. Plastic pollution in the world’s oceans: more than 5 trillion plastic pieces
weighing over 250,000 tons afloat at sea. PLoS One 9 (12), e111913.

Erman, N.A., 1986. Movements of self-marked caddisfly larvae, Chyranda centralis
(Trichoptera: Limnephilidae), in a Sierran spring stream, California, U.S.A. Freshw.
Biol. 16, 455-464.

Fries, E., Dekiff, J.H., Willmeyer, J., Nuelle, M.T., Ebert, M., Remy, D., 2013.
Identification of polymer types and additives in marine microplastic particles using
pyrolysis-GC/MS and scanning electron microscopy. Environ Sci Process Impacts 15
(10), 1949-1956.

Gallitelli, L., Cera, A., Cesarini, G., Pietrelli, L., Scalici, M., 2021. Preliminary indoor
evidences of microplastic effects on freshwater benthic macroinvertebrates. Sci. Rep.
11 (1), 720.

Geyer, R., Jambeck, J.R., Law, K.L., 2017. Production, use, and fate of all plastics ever
made. Sci. Adv. 3 (7), e1700782.

Gniadek, M., Dabrowska, A., 2019. The marine nano-and microplastics characterisation
by SEM-EDX: the potential of the method in comparison with various physical and
chemical approaches. Mar. Pollut. Bull. 148, 210-216.

Graf, W., J. Murphy, J. Dahl, C. Zamora-Munoz & M. J. Lopez-Rodriguez (2008).
Distribution and Ecological Preferences of European Freshwater Organisms. Volume
1 - Trichoptera. Pensoft, Sofia-Moscow.

Higler, L.W.G., 2005. De Nederlandse kokerjufferlarven. Determinatie en ecologie. -
KNNV Uitgeverij, Utrecht.

Hiley, P.D., 1976. The identification of British limnephilid larvae (Trichoptera). Syst.
Entomol. 1, 147-167.

Holzenthal, R.W., Thomson, R.E., Rios-Touma, B., 2015. Order trichoptera. In: Thorp and
Covich’s Freshwater Invertebrates. Academic Press, pp. 965-1002.

Horton, A.A., Walton, A., Spurgeon, D.J., Lahive, E., Svendsen, C., 2017. Microplastics in
freshwater and terrestrial environments: evaluating the current understanding to
identify the knowledge gaps and future research priorities. Sci. Total Environ. 586,
127-141.

Hou, L., McMahan, C.D., McNeish, R.E., Munno, K., Rochman, C.M., Hoellein, T.J., 2021.
A fish tale: a century of museum specimens reveal increasing microplastic
concentrations in freshwater fish. Ecol. Appl. 31 (5), €02320.

IJzerman, A. J., (1979). Sprengen en sprengenbeken op de Veluwe. Natuurbeheer verslag
nr. 414 Landbouwhogeschool te Wageningen.

IJzerman, A.J., 1982. De sprengen en sprengenbeken van de Veluwe. Wetenschappelijke
mededelingen K.N.N.V. 151.

Ilechukwu, 1., Das, R.R., Reimer, J.D., 2023. Review of microplastics in museum
specimens: an under-utilized tool to better understand the Plasticene. Mar. Pollut.
Bull. 191, 114922.

Jackson, J.K., McElravy, E.R.I.C.P., Resh, V.N.H., 1999. Long-term movements of self-
marked caddisfly larvae (Trichoptera: Sericostomatidae) in a California coastal
mountain stream. Freshw. Biol. 42 (3), 525-536.

Kennedy, J. (2018, 3 June). It's not only water quality, but rubbish too. I found this
caddisfly larva in a Cumbrian pond, using plastic on his lovely casing [image
attached] [tweet]. X. Retrieved May 7, 2024, https://twitter.com/socrates2sox/s
tatus/1003251584581718017.

Konig, E., Waringer, J., 2008. The ballast stones in Silo nigricomis cases (Insecta:
Trichoptera): drift resistance and ecological benefits, investigated by acoustic
Doppler velocimetry. Large Rivers 18 (1-2), 311-328.

Lambert, S., Wagner, M., 2018. Microplastics Are Contaminants of Emerging Concern in
Freshwater Environments: An Overview. Springer International Publishing,
pp. 1-23.

Lebreton, L.C., Van Der Zwet, J., Damsteeg, J.W., Slat, B., Andrady, A., Reisser, J., 2017.
River plastic emissions to the world’s oceans. Nat. Commun. 8 (1), 15611.

Lopez-Rojo, N., Pérez, J., Alonso, A., Correa-Araneda, F., Boyero, L., 2020. Microplastics
have lethal and sublethal effects on stream invertebrates and affect stream ecosystem
functioning. Environ. Pollut. 259, 113898.


https://doi.org/10.1016/j.scitotenv.2025.178947
https://doi.org/10.1016/j.scitotenv.2025.178947
https://twitter.com/Roaltron/status/1298211838467944448
https://twitter.com/Roaltron/status/1298211838467944448
http://refhub.elsevier.com/S0048-9697(25)00582-0/rf0005
http://refhub.elsevier.com/S0048-9697(25)00582-0/rf0005
http://refhub.elsevier.com/S0048-9697(25)00582-0/rf0005
http://refhub.elsevier.com/S0048-9697(25)00582-0/rf0010
http://refhub.elsevier.com/S0048-9697(25)00582-0/rf0010
http://refhub.elsevier.com/S0048-9697(25)00582-0/rf0010
http://refhub.elsevier.com/S0048-9697(25)00582-0/rf0015
http://refhub.elsevier.com/S0048-9697(25)00582-0/rf0020
http://refhub.elsevier.com/S0048-9697(25)00582-0/rf0020
http://refhub.elsevier.com/S0048-9697(25)00582-0/rf0025
http://refhub.elsevier.com/S0048-9697(25)00582-0/rf0025
http://refhub.elsevier.com/S0048-9697(25)00582-0/rf0030
http://refhub.elsevier.com/S0048-9697(25)00582-0/rf0030
http://refhub.elsevier.com/S0048-9697(25)00582-0/rf0035
http://refhub.elsevier.com/S0048-9697(25)00582-0/rf0035
http://refhub.elsevier.com/S0048-9697(25)00582-0/rf0040
http://refhub.elsevier.com/S0048-9697(25)00582-0/rf0040
http://refhub.elsevier.com/S0048-9697(25)00582-0/rf0040
http://refhub.elsevier.com/S0048-9697(25)00582-0/rf0045
http://refhub.elsevier.com/S0048-9697(25)00582-0/rf0045
http://refhub.elsevier.com/S0048-9697(25)00582-0/rf0045
http://refhub.elsevier.com/S0048-9697(25)00582-0/rf0050
http://refhub.elsevier.com/S0048-9697(25)00582-0/rf0050
http://refhub.elsevier.com/S0048-9697(25)00582-0/rf0050
http://refhub.elsevier.com/S0048-9697(25)00582-0/rf0055
http://refhub.elsevier.com/S0048-9697(25)00582-0/rf0055
http://refhub.elsevier.com/S0048-9697(25)00582-0/rf0055
http://refhub.elsevier.com/S0048-9697(25)00582-0/rf0060
http://refhub.elsevier.com/S0048-9697(25)00582-0/rf0060
http://refhub.elsevier.com/S0048-9697(25)00582-0/rf0060
http://refhub.elsevier.com/S0048-9697(25)00582-0/rf0060
http://refhub.elsevier.com/S0048-9697(25)00582-0/rf0065
http://refhub.elsevier.com/S0048-9697(25)00582-0/rf0065
http://refhub.elsevier.com/S0048-9697(25)00582-0/rf0065
http://refhub.elsevier.com/S0048-9697(25)00582-0/rf0070
http://refhub.elsevier.com/S0048-9697(25)00582-0/rf0070
http://refhub.elsevier.com/S0048-9697(25)00582-0/rf0075
http://refhub.elsevier.com/S0048-9697(25)00582-0/rf0075
http://refhub.elsevier.com/S0048-9697(25)00582-0/rf0075
http://refhub.elsevier.com/S0048-9697(25)00582-0/rf0080
http://refhub.elsevier.com/S0048-9697(25)00582-0/rf0080
http://refhub.elsevier.com/S0048-9697(25)00582-0/rf0085
http://refhub.elsevier.com/S0048-9697(25)00582-0/rf0085
http://refhub.elsevier.com/S0048-9697(25)00582-0/rf0090
http://refhub.elsevier.com/S0048-9697(25)00582-0/rf0090
http://refhub.elsevier.com/S0048-9697(25)00582-0/rf0095
http://refhub.elsevier.com/S0048-9697(25)00582-0/rf0095
http://refhub.elsevier.com/S0048-9697(25)00582-0/rf0095
http://refhub.elsevier.com/S0048-9697(25)00582-0/rf0095
http://refhub.elsevier.com/S0048-9697(25)00582-0/rf0100
http://refhub.elsevier.com/S0048-9697(25)00582-0/rf0100
http://refhub.elsevier.com/S0048-9697(25)00582-0/rf0100
http://refhub.elsevier.com/S0048-9697(25)00582-0/rf0105
http://refhub.elsevier.com/S0048-9697(25)00582-0/rf0105
http://refhub.elsevier.com/S0048-9697(25)00582-0/rf0110
http://refhub.elsevier.com/S0048-9697(25)00582-0/rf0110
http://refhub.elsevier.com/S0048-9697(25)00582-0/rf0110
http://refhub.elsevier.com/S0048-9697(25)00582-0/rf0115
http://refhub.elsevier.com/S0048-9697(25)00582-0/rf0115
http://refhub.elsevier.com/S0048-9697(25)00582-0/rf0115
https://twitter.com/socrates2sox/status/1003251584581718017
https://twitter.com/socrates2sox/status/1003251584581718017
http://refhub.elsevier.com/S0048-9697(25)00582-0/rf0120
http://refhub.elsevier.com/S0048-9697(25)00582-0/rf0120
http://refhub.elsevier.com/S0048-9697(25)00582-0/rf0120
http://refhub.elsevier.com/S0048-9697(25)00582-0/rf0125
http://refhub.elsevier.com/S0048-9697(25)00582-0/rf0125
http://refhub.elsevier.com/S0048-9697(25)00582-0/rf0125
http://refhub.elsevier.com/S0048-9697(25)00582-0/rf0130
http://refhub.elsevier.com/S0048-9697(25)00582-0/rf0130
http://refhub.elsevier.com/S0048-9697(25)00582-0/rf0135
http://refhub.elsevier.com/S0048-9697(25)00582-0/rf0135
http://refhub.elsevier.com/S0048-9697(25)00582-0/rf0135

A.-F. Hiemstra et al.

Millet, H., Vangheluwe, P., Block, C., Sevenster, A., Garcia, L., Antonopoulos, R., 2018.
The Nature of Plastics and their Societal Usage.

Moore, C.J., 2008. Synthetic polymers in the marine environment: a rapidly increasing,
long-term threat. Environ. Res. 108 (2), 131-139.

Napper, LE., Davies, B.F., Clifford, H., Elvin, S., Koldewey, H.J., Mayewski, P.A.,
Miner, K.R., Potocki, M., Elmore, A.C., Gajurel, A.P., Thompson, R.C., 2020.
Reaching new heights in plastic pollution—preliminary findings of microplastics on
Mount Everest. One Earth 3 (5), 621-630.

Otto, C., 1987. Behavioural adaptations by Agrypnia pagetana (Trichoptera) larvae to
cases of different value. Oikos 50 (2), 191-196.

Otto, C., 1993. Submersed water lily leaves as feeding patches dor limnephilid caddis
larvae in a north Swedisch stream. In: Proceedings of the 7th international
symposium of Trichoptera, pp. 279-281.

Otto, C., Svensson, B.S., 1980. The significance of case material selection for the survival
of caddis larvae. J. Anim. Ecol. 49 (3), 855-865.

Perks, J. [@JackPerksPhoto]. (2019, 1 July). I've been working with @GreenpeaceUK on
plastics in UK rivers. Heres a sad sight of a caddisfly with a piece of plastic in its
shell. This then gets eaten by a fish and in turn a bird for example effecting the whole
food chain [image attached] [tweet]. X Retrieved May 7, 2024, https://twitter.com/
JackPerksPhoto/status/1145605961622573057.

Rochman, C.M., 2015. The complex mixture, fate and toxicity of chemicals associated
with plastic debris in the marine environment. In: Bergmann, M., Gutow, L.,
Klages, M. (Eds.), Marine Anthropogenic Litter. Springer International Publishing,
pp. 117-140.

Schmedtje, U., Colling, M., 1996. Okologische Typisierung der aquatischen Makrofauna.
Informationsberichte des Bayerischen Landesamtes fiir Wasserwirtschaft 4 (96).

Sommerhauser, M., 1995. Zur Kocherfliegenfauna der Fliessgewdsser des
Niederrheinischen Tieflands - faunistische und typologische Aspekte. Lauterbornia
22, 85-97.

South East Rivers Trust. [@SE_Rivers_Trust]. (2018, 11 October). A cased caddisfly using
#microplastics to build its casing - a shocking image that clearly shows the poor state of
our rivers and streams. #plasticpollution #plastics #riverfly. Photo credit to Dr Nick
Everall and @SalmonTroutCons [Image attached] [Tweet]. X. Retrieved May 7, 2024,
https://twitter.com/SE_Rivers_Trust/status/1050342835587883009.

Speth, S., Brinkmann, R., Otto, C.-J., Lietz, J., 2006. Atlas der Eintags. Stein- und
Kocherfliegen Schleswig-Holsteins, Landesamt fiir Natur und Umwelt des Landes
Schleswig-Holstein, Flintbek.

Science of the Total Environment 974 (2025) 178947

Stouten, P. B., 1982. Beken op de Veluwe. Basisrapport 4 en 5 ten behoeve van de
Werkgroep Sprengen en Beken Provincie Gelderland.

Tempelman, D., Lock, K., Sanabria, M.J., Zuyderduyn, C., Koese, B., 2022. De
schietmotten van de Benelux (Trichoptera). Entomologische tabellen 14.

Thompson, R.C., Olsen, Y., Mitchell, R.P., Davis, A., Rowland, S.J., John, A.W.,
Russell, A.E., 2004. Lost at sea: where is all the plastic? Science 304 (5672), 838.

Thompson, R.C., Swan, S.H., Moore, C.J., Vom Saal, F.S., 2009. Our plastic age. Philos.
Trans. R. Soc. B 364 (1526), 1973-1976.

Thrift, E., Porter, A., Galloway, T.S., Coomber, F.G., Mathews, F., 2022. Ingestion of
plastics by terrestrial small mammals. Sci. Total Environ. 842, 156679.

Tibbetts, J., Krause, S., Lynch, 1., Sambrook Smith, G.H., 2018. Abundance, distribution,
and drivers of microplastic contamination in urban river environments. Water 10
(11), 1597.

Toner, K., Midway, S.R., 2021. Historic fish samples from the Southeast USA lack
microplastics. Sci. Total Environ. 776, 145923.

Turner, A., 2020. Foamed polystyrene in the marine environment: sources, additives,
transport, behavior, and impacts. Environ. Sci. Technol. 54 (17), 10411-10420.
Valentine, K., Cross, R., Cox, R., Woodmancy, G., Boxall, A.B., 2022. Caddisfly larvae are
a driver of plastic litter breakdown and microplastic formation in freshwater

environments. Environ. Toxicol. Chem. 41 (12), 3058-3069.

Van Cauwenberghe, L., Vanreusel, A., Mees, J., Janssen, C.R., 2013. Microplastic
pollution in deep-sea sediments. Environ. Pollut. 182, 495-499.

Wagner, R., (1991). Life cycles of some autumn emerging caddis flies. Proceedings of the
6th international symposium of Trichoptera, 171-175.

Wallace, 1.D., 2011. Species Dossier: Ironoquia dubia, The Scarce Brown Sedge. Riverfly
partnership, Liverpool.

Wallace, 1. D., Wallace, B., Philipson, G. N. (2003). A key to the case-bearing caddis
larvae of Britain and Ireland. Second edition. FBA scientific publications 51,
Ambleside.

Williams, A.T., Rangel-Buitrago, N., 2022. The past, present, and future of plastic
pollution. Mar. Pollut. Bull. 176, 113429.

Windsor, F.M., Tilley, R.M., Tyler, C.R., Ormerod, S.J., 2019. Microplastic ingestion by
riverine macroinvertebrates. Sci. Total Environ. 646, 6874.

Winkler, A., Antonioli, D., Masseroni, A., Chiarcos, R., Laus, M., Tremolada, P., 2022.
Following the fate of microplastic in four abiotic and biotic matrices along the Ticino
River (North Italy). Sci. Total Environ. 823, 153638.


http://refhub.elsevier.com/S0048-9697(25)00582-0/rf0140
http://refhub.elsevier.com/S0048-9697(25)00582-0/rf0140
http://refhub.elsevier.com/S0048-9697(25)00582-0/rf0145
http://refhub.elsevier.com/S0048-9697(25)00582-0/rf0145
http://refhub.elsevier.com/S0048-9697(25)00582-0/rf0150
http://refhub.elsevier.com/S0048-9697(25)00582-0/rf0150
http://refhub.elsevier.com/S0048-9697(25)00582-0/rf0150
http://refhub.elsevier.com/S0048-9697(25)00582-0/rf0150
http://refhub.elsevier.com/S0048-9697(25)00582-0/rf0155
http://refhub.elsevier.com/S0048-9697(25)00582-0/rf0155
http://refhub.elsevier.com/S0048-9697(25)00582-0/rf1000
http://refhub.elsevier.com/S0048-9697(25)00582-0/rf1000
http://refhub.elsevier.com/S0048-9697(25)00582-0/rf1000
http://refhub.elsevier.com/S0048-9697(25)00582-0/rf0160
http://refhub.elsevier.com/S0048-9697(25)00582-0/rf0160
https://twitter.com/JackPerksPhoto/status/1145605961622573057
https://twitter.com/JackPerksPhoto/status/1145605961622573057
http://refhub.elsevier.com/S0048-9697(25)00582-0/rf0165
http://refhub.elsevier.com/S0048-9697(25)00582-0/rf0165
http://refhub.elsevier.com/S0048-9697(25)00582-0/rf0165
http://refhub.elsevier.com/S0048-9697(25)00582-0/rf0165
http://refhub.elsevier.com/S0048-9697(25)00582-0/rf0170
http://refhub.elsevier.com/S0048-9697(25)00582-0/rf0170
http://refhub.elsevier.com/S0048-9697(25)00582-0/rf0175
http://refhub.elsevier.com/S0048-9697(25)00582-0/rf0175
http://refhub.elsevier.com/S0048-9697(25)00582-0/rf0175
https://twitter.com/SE_Rivers_Trust/status/1050342835587883009
http://refhub.elsevier.com/S0048-9697(25)00582-0/rf0180
http://refhub.elsevier.com/S0048-9697(25)00582-0/rf0180
http://refhub.elsevier.com/S0048-9697(25)00582-0/rf0180
http://refhub.elsevier.com/S0048-9697(25)00582-0/rf0185
http://refhub.elsevier.com/S0048-9697(25)00582-0/rf0185
http://refhub.elsevier.com/S0048-9697(25)00582-0/rf0190
http://refhub.elsevier.com/S0048-9697(25)00582-0/rf0190
http://refhub.elsevier.com/S0048-9697(25)00582-0/rf0195
http://refhub.elsevier.com/S0048-9697(25)00582-0/rf0195
http://refhub.elsevier.com/S0048-9697(25)00582-0/rf0200
http://refhub.elsevier.com/S0048-9697(25)00582-0/rf0200
http://refhub.elsevier.com/S0048-9697(25)00582-0/rf0205
http://refhub.elsevier.com/S0048-9697(25)00582-0/rf0205
http://refhub.elsevier.com/S0048-9697(25)00582-0/rf0205
http://refhub.elsevier.com/S0048-9697(25)00582-0/rf0210
http://refhub.elsevier.com/S0048-9697(25)00582-0/rf0210
http://refhub.elsevier.com/S0048-9697(25)00582-0/rf0215
http://refhub.elsevier.com/S0048-9697(25)00582-0/rf0215
http://refhub.elsevier.com/S0048-9697(25)00582-0/rf0220
http://refhub.elsevier.com/S0048-9697(25)00582-0/rf0220
http://refhub.elsevier.com/S0048-9697(25)00582-0/rf0220
http://refhub.elsevier.com/S0048-9697(25)00582-0/rf0225
http://refhub.elsevier.com/S0048-9697(25)00582-0/rf0225
http://refhub.elsevier.com/S0048-9697(25)00582-0/rf0230
http://refhub.elsevier.com/S0048-9697(25)00582-0/rf0230
http://refhub.elsevier.com/S0048-9697(25)00582-0/rf0235
http://refhub.elsevier.com/S0048-9697(25)00582-0/rf0235
http://refhub.elsevier.com/S0048-9697(25)00582-0/rf0240
http://refhub.elsevier.com/S0048-9697(25)00582-0/rf0240
http://refhub.elsevier.com/S0048-9697(25)00582-0/rf0245
http://refhub.elsevier.com/S0048-9697(25)00582-0/rf0245
http://refhub.elsevier.com/S0048-9697(25)00582-0/rf0245

	Half a century of caddisfly casings (Trichoptera) with microplastic from natural history collections
	1 Introduction
	2 Methods
	3 Results
	4 Discussion
	CRediT authorship contribution statement
	Funding
	Declaration of competing interest
	Acknowledgements
	Appendix A Supplementary data
	Data availability
	References


