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OPINION

Revisiting global trends in freshwater insect biodiversity
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Abstract
A recent global meta-analysis reported a decrease in terrestrial but increase in
freshwater insect abundance and biomass (van Klink et al., Science 368, p.
417). The authors suggested that water quality has been improving, thereby
challenging recent reports documenting drastic global declines in freshwater
biodiversity. We raise two major concerns with the meta-analysis and suggest
that these account for the discrepancy with the declines reported elsewhere.
First, total abundance and biomass alone are poor indicators of the status of
freshwater insect assemblages, and the observed differences may well have
been driven by the replacement of sensitive species with tolerant ones. Second,
many of the datasets poorly represent global trends and reflect responses to
local conditions or nonrandom site selection. We conclude that the results of
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the meta-analysis should not be considered indicative of an overall improvement in the condition of freshwater ecosystems.
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A recent global meta-analysis of insect abundance and biomass from 63 freshwater and 103 terrestrial datasets revealed
diverging trends between the two realms, with a reported decrease of 9% per decade in terrestrial insects but an
increase of 11% per decade in freshwater insects (van Klink et al., 2020). The decline in terrestrial insect abundance
and biomass is consistent with several prominent recent studies (Hallmann et al., 2017; IPBES, 2019; Seibold
et al., 2019). However, the increase in freshwater insect abundance needs to be evaluated cautiously in the context of
(i) distinct and contrasting trends documented for a number of freshwater insect species (Baranov, Jourdan, Pilotto,
Wagner, & Haase, 2020; Floury, Usseglio-Polatera, Ferreol, Delattre, & Souchon, 2013; Hallmann et al., 2020; Outhwaite, Gregory, Chandler, Collen, & Isaac, 2020; Stepanian et al., 2020), (ii) increasing threats to, and disproportionate
loss of, freshwater biodiversity at the global scale (Albert et al., 2020; Reid et al., 2019; WWF, 2020), and (iii) the existing
degraded status of many freshwater ecosystems in Europe, North America, and Asia (Vörösmarty et al., 2010). We
argue that this contrasting perspective arises from two key limitations of the study by van Klink et al. (2020). First, total
abundance and biomass are, on their own, poor indicators of the ecological state of freshwater insect assemblages. Second, the compiled datasets are not representative of freshwater ecosystem trends due to spatial and temporal restrictions. Interest in long-term trends in insect distribution, abundance, and biodiversity has been growing among
scientists, stakeholders, and policymakers. We therefore strongly caution against drawing general conclusions or formulating recommendations regarding freshwater habitats and insect assemblages based on the data and subsequent analyses of van Klink et al. (2020).
While changes in total abundance and biomass may reflect changes in environmental conditions (e.g., Hallmann
et al., 2017), such changes do not necessarily indicate improved water quality. Freshwater insect assemblages often
comprise hundreds of species, and any observed increase in total abundance or biomass can be driven by increasing
numbers of a few tolerant and widespread taxa, which masks the simultaneous loss of sensitive taxa (Larsen, Chase,
Durance, & Ormerod, 2018). Such changes have been reported in response to the stressors flow modification, pollution,
and intensification of human land-use (Alvarez-Cabria, Barquin, & Juanes, 2011; Camargo, Alonso, & de la
Puente, 2005; Kaelin & Altermatt, 2016). We argue that climate warming and eutrophication could lead to an increase
in total abundance and biomass of freshwater insects as found by van Klink et al. (2020), and this may explain why
abundance increases were stronger in unprotected areas and regions dominated by cropland. Species turnover from
sensitive to tolerant taxa can be accompanied by alterations of ecosystem functions, such as carbon and nutrient
cycling, which ultimately can lead to an erosion of services these ecosystems provide to people (Cao et al., 2018).
Uncovering trends in global insect abundance and biomass requires, of course, a set of globally representative samples. We argue that 28 of the 63 freshwater datasets used by van Klink et al. (2020) are of limited value for this task. In
nine of the freshwater datasets, insect, and noninsect abundances and biomass were not separated in the original study.
The increased abundances could therefore have been driven by noninsect taxa such as crustaceans, bivalves, or oligochaetes. Furthermore, 21 datasets encompass case studies that examined the response of the assemblages to stressor
onset. Of these, 12 studies investigated the response of insects to an introduced anthropogenic stressor (e.g., succession
after a dam was built, response to larvicide application), six examined the response to a decrease in or removal of a
stressor (e.g., from organic pollution, mining, and heavy-metal pollutants), and three examined changes following natural extreme events (e.g., wildfire, extreme flood, and extreme drought events). While studies of responses to single
(major) stressors could indeed be indicative of long-term global trends, care should be taken in any attempt to draw
general conclusions from such studies. Undoubtedly, developments have taken place since the 1990s that have had positive effects on freshwater ecosystems, including the reduction of nitrogen and sulfur emissions from power stations
and the increased investment in water treatment facilities. However, a specific geopolitical change like the collapse of
the Soviet Union, as suggested by van Klink et al. (2020), is unlikely to govern the results, particularly while ongoing
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severe and accelerating degradation from pollution, flow modification, and habitat transformation due to population
growth, economic development, and poorly enforced environmental regulations are neglected. Although the poor representation of datasets from the Global South was acknowledged, we argue that a total of five datasets (covering 20 sites)
reflect neither the diversity nor the current state of freshwater insect assemblages in Africa, South America, and large
parts of Asia. Besides these spatial caveats, the temporal distribution of data origin may reflect a shifting baseline effect
(Soga & Gaston, 2018), whereby interpretation of a trend is dependent on the available reference point. A large representation of the data originates from the European Union, with 1986 being the median year for the start of these time
series. This time period reflects a period of widespread recovery of heavily degraded freshwater ecosystems in Europe.
Furthermore, the length of many of the datasets are likely insufficient to overcome this shifting baseline effect and identify long-term trajectories; recent work indicates greater than 20 years may be necessary (the median length of studies
used in van Klink et al. (2020)) (Baranov et al., 2020; Bell, Blumgart, & Shortall, 2020).
In summary, we raise two major concerns that, while not intrinsically invalidating the findings of van Klink
et al. (2020), require a careful reconsideration of their conclusions regarding the global status and trends of freshwater
insects. While we agree that an increase in insect abundance may reflect improved water quality sporadically, we argue
that increasing abundance and biomass in nonrepresentative datasets do not reflect an overall improvement in freshwater ecosystem condition. In fact, we question whether current practices of restoration and management of freshwater
ecosystems would be sufficient to result in a further improvement in insect abundance and biomass in many of these
locations (Geist & Hawkins, 2016). Finally, unless it can be demonstrated that the datasets applied to the meta-analysis
accurately reflect the global distribution and diversity of freshwaters, any inference is likely to result in severe biases
including the overestimation of global trends. While we acknowledge the tremendous efforts in collating and analyzing
the data by van Klink et al. (2020), we hope the discussion stimulates: (1) further research on trends in freshwater insect
assemblages, (2) the mobilization of thus far unexplored data sources, and (3) the development of new, more representative monitoring schemes including enhanced long-term research programs and embracing new technologies (e.g.,
remote sensing, eDNA analysis) to allow robust inference about insect population trends. A more coherent picture on
freshwater biodiversity conditions and trends will only emerge once data on multiple taxonomic groups, species diversity, population size, and habitat characteristics become available and fully accessible.
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